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D. B. COSTAIN 

Thc"RockyFLusPlantSileEnvironmentalReponfor 1989" 
conlains a u r m p h c e  summary and multsofcnvinnuncntal 
mOnhiIlg. including radiation dose -nu. This 
d w  is M overview of these topics and minwa a mom 
unnprrhcnsive dincussion found in thc main text of UIC 
repon 

Compliance Summary 

Nalional Environmental Policy Act (NEPA) 

Tbc Rocky Flats Plant (RFP) created a NEPA Compliance 
cOmmhcc in February 1989 I O  provide hlegralcd review. 
guidance and Oversight for plantwide activities. Drafi Envi- 
ronmcnlal Assessments (EAs) DOWEA44l3. "Interim 
Remedial Action .t thc 881 Hillside Area," and DOYEA- 
0032. "Supempac to r  and Repachging Facility and TN 
Wastc Shrcddu." were submitted to thc Dcparrment of 
Enern (DO@) for review and approval. No dran or fwl 
EnVimuncnral lfnpaflslatanuus were issued in 1989. NEPA 
Qcumcnrarim IS r e q d  for major federal acciau aisnifi- 
CMUY affscting the quality of UIC human environment. 

Ckan Air Act 

Rndionuc l i  air emissions from RFP were 0.92 percent (%) 
of cbc Envimnmcntal Roccction Agency's (EPA) Nnlional 
Emis&SlandardsforHazardwJAuPollutants(NE-SHAP) 
for whole body dose equivalent and 8.8% of thc scandvd for 
an individual 018". NESHAP standards sct yearly lits of 
~andandSmilli~cm(mrcm)wholcbodyandindividualorgan 
dosc cquivaknts. mpcctively. 

Thccalculatcdberylliumdischnrgcd from RFPin 1989 was 
4.94grdms(g)comparcdrothednilylimitof l o g  over 
a24-hrperiodsct by Colorado AirQuality Conuol Regula- 
tionl8. Thisregulationsets workandambientairsiandards 
and emissions limits for various hazardous air pollutants 

and is admistercd by the Colorado Dcpanmcnt of Hcallh 
(CDH). RFP submined 13 Air Pollution Emission Noticar 
(APEN)toCDH in 1989. Anewplantwideemissionssurvcy 
began in 1989 and will continue lhrough 1990. APWS M 
requirtdbyColoradDAir~ilyRegulalion#3aspanofM 
application for a new or modified emissions source releasing 
MY conminanc classified as odorous. harardous. or toxic. 

Clean Water Act 

The National Pollutant Discharge Elimination System 
(NPDES) permit for RFPcxpiredand was adminiswtivcly 
extended by thc EPA in June 1989 lo allow preparation of a 
new permit. Application forrenewalof this permit was filed 
previously in Dccember 1988. RFPdid not exceed NPDES 
Limits in 1989. Thc NPDES permit ~ O V C I I U  releavs of 
chemical and biological pollulanls into surface WBteFo. 

Thc Spill Prevention Control and CountcrmeasurwBcst 
Managanent Practias Plan (SPCUBMF') was u p d a d  in 
1989 to address C ~ M ~ C S  coincidental with renewal of the 
NPDES permit. The SPCUBMP is required by EPA IU a 
mdi t ion  of thc NPDES permit. 

Colorado Water Quality Control Commission (CWQCC) 
temporary water quality standards in July 1989 for 

Walnut Crcek and Woman Creek. These standards sct limits 
for organic and inorganic chemicals. metals. radionuclides. 
ud cenain physical and biological parameters. RFP did DOI 

exceed these limits in 1989. 

Ancslhatcd4.3 ~ilogmins(kg)(9.5pounds[lbl)ofchromic 
acid was inndvencnlly discharged from a waste holding lank 
on Fcbnrary 22,1989. to holding ponds and spray irrigation 
fields where runoff reached Pond B-5. Discharges from lhis 
pond would normally reach a municipal water supply, Great 
Western Rcwrvou. Discharge from lhis incident was di- 
vencd around thc rcscrvou to a small lake no( used for 
drinLing water. To prevent future occurrences. a l i r  WIU 

insralled in the sccondnry mtainment area under UIC w w e  

V i  I 
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tanlrs.thecontrolsystemwasrenovated,thewastc~aiarm 
system upgradcd and a recycle pump installed for waste cank 
sampling. 

Atrazine wasdeMed in surface waterpondsat levels of5 ta 
46 pans per billion @pb) and wva9 believed to originate from 
applications of the herbicide during a vegetation control 
pmgramatRFP. UscofA~inewasdiwontinuedatRFPin 
1989. Granular activated carbm adsorption trcatmcnt was 
used to remove the Atrazine prior to discharge of the water 
offsite. 

Toxic Substances ControlAct (TSCA) 

Twenty-five transformers and 300 capacitom were replactd 
at RFP to remove oils contaminated by polychlorinated 
biphenyls (PCBs). Asbestos contaminants originating fmn 
building insulation were managed according to applicable 
TSCA Randards. TSCA author& testing and regulation of 
chemical substMM entering the environment at RFPcom- 
pliancc is dmred at management of PCBs and asbestos. 

Resource Conservation andRecovery Act (RCRA) 

As a result of Sectlc&nt and Compliance Order #89-07-10- 
01 amongCDH.DOE.andRakwcUIntemational.aconsoli- 
dnlcd RCRA Part A permit application was submitted to 
CDH in August 1989 which included all hazardous, low- 
level mixed. and transuranic mixed waste managed at & 
plant. The Wlt A permit application identifies facility 
laation and operator. hazardous wastes to be managed and 
hnzatdous waste management methods. 

Separate RCRA Part B permit applications were submitted 
forhazardouflow-kvel mixed waste (December 1987) and 

ing permif has becn prepad by CDH for 9 of 20 hnzardous 
and low-level mixed wastc units and a proposed N d c e  of 
Intcnt to b y  (NOID) was prepared for h e  remaining 1 I 
units. RFP provided comments to CDH on the draft permit 
on k m b e r  18.1989. and the public comment period was 
ex- to March 30.1990. to allow RFP to submit sddi- 
ti& information for waste unit9 included in Ihe NOID. The 
permit application for transuranic mixed waste is under 
review by CDH. The RCRA Part B permit includesadetailed 
narracivcdescriptionofall facilities andprocedurcsrelatedto 
hazaFdous waste management. 

RFP submitted eight RCRA interim-stam closure plans m 
1989 for outdon storage pads. internal building areas and 
storage tmh. Implementation of closure plans continued 
with efforts focused on the Solar Ponds, Resent Landfd. 
WwrSpyFicldandOriginalFkces WasteLincarrap. All 
interim-status closure plans were combined under the desig- 
~onofOpcrableUnitNo.3bytheInteragencyAgrccmm~ 
RCRA closure plans identify pmcedurcs for removing hnz- 

lranSurWiC fixed waste (July 1988). A draft RCRA -1- 
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ardous waste management units from service and programs 
to remove both short- and long-term h e a t s  to human health 
and the environment. 

RFPsubmitred 23 RCRA Contingency Plan lmplemenultim 
Repom in 1989. RCRA Contingency Plan Implementation 
Reports BIC submitted as a rcsult of incidents involving 
hazardous wastes at RFP. 

InJune 1 9 8 9 . C c i n p l i a n a o n * r # 8 ~ 4 1  wasrmived 
fmn CDH for alleged violations concerning inadequate 
ground water monitoring and quality assessment for hazard- 
ous wastes. RFP submitted a ground water assessment plan 
in September 1989 in response to this compliance order. 

In July 1989. Settlement Agrement and Complisncc Order 

transuranic mixed wastes. A h i t  of 1.601 cubic yards of 
trsnsuranic mixed wastes was set for RFP. 

In September 1989. DOE. CDH. and EPA signed a Fcdcral 
Facilities Compliance Agreement and Compliance Order on 
Cmsent that provides a I -yr period for DOE to work toward 
achieving compliance with Ihe land disposal reshictions. 
Required actions include accurate identification, safe 8101- 
ogc. identification of trcatmenl methodologies. and minimi- 
zation of wastes prohibited from land disposal. 

In‘November 1989. DOE, CDH. and EPA signed Settlement 
Agramenl and Compliance Order on Consent #89-10-30- 
11, regardig alleged failures to implement proper wastc 
nanagemcnt procedures for onsitc proces residues. Re- 
pired actions include midue classification. charactcriza- 
ion, and RCRA compliance. 

Ihc Rocky Flats Waste Minimization Program r e a l i i  an 
l0sreductionintheuseof 1. l . l -IrichloroethaandFm 
I I 3  from the beginning ofthe program in I988 through 1989. 
Recycled waste paper increased from 51.4 tons in 1988 to 
116.7 tons of paper and 60 tons of cardboard in 1989. 

7omprehensive Environmental Response, 
?ompens&*on and Liability Act (CERCLA) 

a9-07- 1 0 0 1  was reached affecting storage of low-level and 

Wf’ submitted several ”porn and work plans reflecting 
h a d  implementation of cERcw\ comaivc action re- 
;ponscrrqukmen@forcht 881 Hillside and903 Pad. Mound 
md East Trenches BICBP. An Interim Measures/lnterim 
l d i a l  Action Plan for the 881 Hillside Area was submit- 
ed and public comments received. RFP was added to the 
P A  National Priorities List of CERCLA sites in 1969. 
33tcLA R q u h  an investigation and remediation of sites 
ontaminated by past hazrvdous waste management aaivi- 
les. 

Plant Site Report - ‘89 

Emergency Planning and Community Right-to- 
Know Act (EPCRA) 

RFP submitted Ihe ‘Tier Il Emergency and Hazardous 
Chemical Inventory Forms” report to emergency planning 
agencies for the Slate of Colorado. Jefferson and Boulder 
counties and the RFP Fm Depanment in 1989. This report 
is required under Section 3 I2 of EPCRA and lists quantities 
and locations of hazardous chemicals. 

RFP submitted the ‘Toxic Chemical Releav Inventory” to 
EPA as required under Section 313 of EPCRA. This rrporc 
conrains information on routine and accidental r e l a m  of 
chemicals in 1989. maximum mount of chemic& stored 
and mount of chrmicals contained in wastes transferred 
offsite. 

Infcrugency Agreement 

A draft Interagency Agreement was negdaled among EPA. 
CDH. and DOE as the framework for environmental 
restoration activities at RFP. The Intemgency Agrecmenl 
divida solid waste management units at RFP into ten oper- 
able units for study and cleanup pu’poscs. The a m e n t  
also specifies delivery of major reports and project man- 
agement details, including community involvement and de- 
cision-making responsibilities among represented agencies. 

Agreement in Principle 

An Agreement in Principle was completed between DOEand 
the State of Colorado that identifm additional technical and 
fiancial support to Colorado for environmental oversight. 
monitoring, remediation. emergency mponu. and health- 
related initiatives associated with RFP. The agrecmcnt also 
addrrssea RFP envimnmental monitoring initiativca and 
accelerated cleanup activities where contamination may 
pnsent an imminent threat to health or the mviraunent. 

Settlement Agreement (Church vs. DOE et d) 

Further tillage and d h g  with irrigation wiU be inihated u 
1990 in an attempt to revegetate BICBP adjacent to the casterr 
boundary of RFP where previous plowing to remcdii~ 
plutonium contamination in soils has d. Plutonium 
amcntrations have been reduced to within the State cc 
Colorado standard (2.0 disintegrations per minute per 
[dpm/g]) for areas where remedial plowing has ban con 
ducted. R d a t i o n  was required under a Settlemen! 
A p m e n t  reached in 1984 between DOE. Dow Chemica 
Company. Rockwell International. local government9 ani 
private landownem. 
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Snvironmental Monitoring 

ipecial Assignment Team 

4 Sp.cial Assignment Team was mobilizsd by DOE to 
midean indeprndmtevahrationofoprationsanand pract;m 
~t RFP. The environmental portion of the audit focused on 
ktermining whether RFP activilies created an hmhmt 
hnattothepublicorcnvimnmenS whetheropedons werc 
:mduclcd in Bccordartcc with mvirrnumntal quirmrmtr 
ud best management p t i c e s ,  and Ihe stnNs of previously 
dentificd environmental problems. F i i i g s  of the audit 
were addressed in an action plan prrparrd by EGLG Rocky 
Flats. Inc. The plan described measures to m l v e  dcficien- 
:ies together with associated schedules. costs. and rcsp~n- 
sible panics. The Five-Year Plan and Site-Sp&ific Plan 
pvidcd additional, detailed information on budgets and 
rdadulaforcn~tal fompl iancec leanupan*i t ia  
at RFP. 

Air Monitoring 

Efluent Air Monitoring 

Particulate samples were taken from ventilation exhaust 
systems in Rseanh luld production facilities and were ana- 
lyzed for alpha-emitting radionuclides (uranium. plutonium. 
and americium). tritium and beryllium. Plutonium and 
uranium discharges tolaled 5.12 microcuries (pci) (1.88 x 
105 becgUedS [Bq]) and 7.62 pCi (2.82 X 105 Bq). =Spec- 
tively. Maximum sample concenvation for plutonium was 
0.145 x 10.’2pCi/m1(5.37x 10-3 becquercls per cubic mlu 
[Bqld]) and for uranium wasO.218 x 10- 12 microcuries per 
milliliter @ C i )  (8.07 x 10-3 Bghn-3). These maximum 
concentrations were observed in Building 88 I Annex follow- 
ing a change of High Efftcimy particulate Ai (HEPA) 
fdters and pmbably d when residual ccmlnmhlh 
wasdisplecuiandlcakcdaLcdpagtfil*n. Americiumdschargcs 
totaled 1.ISpCiand m ~ m u m c ~ n t r a t i o n w a s 0 . 0 3 3 1 4 ~  
I O ”  p C i d  measured in Dcamba. Total bitium dis- 
charged was 0.177 curies (Ci) (6.48 x 109 Bs). M&um 
OitiumconcmtraIion was 14.000~ 10-12pC;/ml(5.l8 x 102 
Bglm3) observed in April. Total beryllium discharged m 

lOgper24-hrpriod. Beryllium w a s n o l s i ~ f i c a n t l y a b ~ ~ e  
bgekgmund levels. Radionuclide ttleascs did n a  excud 
NESHAP Limits bascd on computer mbdeling using the 
AIRDOSEPA and RADRlSK computer codes. 

Nonradioactive Ambient Air Monitoring 

Ambient (TSP), and air respirable was enmpled paniculates for total auspcndcd (particulate @c~lavS Matter-IO 

[PM-IO]). in 1989. TSP and PM-IO m p k n  CO. 

1989 Was 4.95 8 Canparrd I O  a slate Of COlOrado Standard Of 

3 
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localed MI RFP and sampling WBJ C O n C U n e t .  The highest 
TSP value (2441 sample) was 80 micrograms per cubic 
meter~glm’)andthc~ualgeomcuic mean value was53.5 
p@’. Maximum PM-IO value (24-hr sample) was 42.5 pe, 
m’ and thc annual geometric man was 20.9 pglm’. Annual 
geomcuic means for TSP and PM- IO samplers were 7 1 and 
42%. mpcclively. of National Ambient Air Quality Stan- 
dards(NAAQS). 

Radioactive Ambient Air Monitoring 

Ambient air samplers monitored airborne plutonium in envi- 
rons around RFP. Stations were localed on RFP. along the 
proprry perimeter and w i l h i  ncarbycommunitics. Overdl 
mean plutonium Concentration measured foronsite samplers 
was 0.367 x I@”pCi/ml(O. I36 x IO’ Bq/m’). q u a l  to 1.86 
of the Derived Concentration Guide (DCC). Overall MM 
plutoniumconccnvations forperimeter andcommunity loca- 
tions wcrecach0.001 x I@”pCihnl(0.370~ IO.Bghn’).kss 
than 0.006% of thc DCG. 

Surface Water Monitoring 

Rocky Fhls  Phnt Sile Surface Water Monitoring 

Discharges from ponds located on Nor~h Walnut Creek. 
Swth  Walnut C m k  and Woman Creek were analyzed for a 
suite of chemical. biological and radiological panuncters 
subject to limitations of thc NPDES permit and CWQCC 
temporary water quality standards. Neither NPDES nor 
CWQCC standards were excceded in 1989. 

Highest volume-wcightcd average concentrations and per- 
cent of^ forplutonium,uranium,amcricium.anduitium 
were BJ follows: 

Average Concentrations . 
(x l ( r  pcihnl) Percent of DCG 

Plulonium 0.019fO.Ol8 0.06% 
(Pond C-2 ) 

Uranium 6.41 fO.12 1.28% 
(pond A 4  

Americium 0.013 f 0.008 0.04% 
(Pond B-5) 

Tritium 30 f 50 
(PMd c - I )  

0.002% 

Average Concentrations 
(I I@’pCi/ml) Percent of DCG 

Plutonium 0.007 f 0.013 0.023% 

Uranium 0.99 f 0:41 3.3% 

Americium 0.000 f 0.008 0.0% 

Tritium 3 0 f 9 0  0.002% 

Communi@ Surface Water Monitoring 

Samples were laken of public water supplies and drinking 
WalCr from wvcrd surrounding communities. Maximum 
average reservoir and drinking water conccn1r;ltions and 
percent of DCG for plutonium. uranium. americium, and 
uitium were as follows: 

PUBLIC WATER SUPPLIES 

Maximum Average 
Reservoir Concentrations 

(I IO’ pCiml) Percent of DCG 

Plutonium 0.053 f 0.039 0.177% 
(South Boulder Diversion Canal) 

Uranium 2.75f0.16 0.55%‘ , 
(Ralston Reservoir) 

Americium 0.023 f 0.032 0.076% 
(Ralston RCSCNO~)  

Tritium 40 f 150 0.002% 
(Ralston Reservoir) 

DRINKING WATER 

Maximum Average 
Drinking Water Concentrations 

(x IO’ pCiml)  Percent of DCG 

Plutonium 0.003 f 0.02 0.0 I % 
(Amada) 

Uranium I .54 f 0.64 0.31% 
(Thornton) 

Americium 0.024 f 0.033 0.08% 
(Denver) 

Tritium 1302  140 0.007% 
(Louisville) 
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Ground Water Monitoring 

Groundwatersamples wcrecollectcdquarlcrly and analyrcd 
for asuite ofchemical andradionuclidcparaters. Empha- 
sis was placed on defining the magnitude and extent of 
contamination occurring at identified environmental restc- 
ration sites. Contamination appears confmeed to local areas 
adjacent to past and prcwnt pmussing. storagc.and disposal 
sites. These arcas an not believed to pow an immediate 
thmu to public waters. 

Opcrable Unit I (88 I Hillside) is contaminalcd with volatile 
organic compounds (Vocs) in the shallow ground water 
system. Concentrations of trichlorocthenc (TCE). 
tetrachlomthcne (PCE) and 1.1.1 trichloroethane (1.1.1 
TCA)mgedupm I1.000microgrumsperlilcr~gn).5.900 
pgn and 15.000 p u n .  respectivcly.although t h a e  concentra- 
tions were very limited in anal extent. Total Dissolved 
Solids (-IDS). certain mapr  ions c.nd metals (strontium. 
selenium. and uranium) were above background levels. Ura- 
nium values ranged up to 53 picocurics per liter (si). 
Contamination at Operable Unit 2 (903 Pad. Mound Area. 
and Earl Trenches) oceumd in the suficial ground water 
system and consisted of elevated levels of TCE. PCE and 
carbon temchlondc ( S I , ) .  TCE concentmuons ranged 10 
12.000 pg/l. though for a very limited ana. Thc gmmcuic 
mean conunvation of TCE for IO wells was 107 p u .  
concentrations of PCE were highest at the Mound Area 
(45,000 p a )  but diminished rapidly to h e  cast and south. 
Carbon tetrachloride conlamination was higheu in !he Fast 
Trenchesand903Wdanarangingto 1.100pgnandhaving 
agmmeuicmeanof400pgnforthewcondquancrof 1989. 

Operable Unit 3 consists of the Solar Ponds, West Spray 
Field, and Resent Landfill. Maximum cunccnuations of 
conraminantrin~suurficialgroundwatersystemattheSolol 
Pond area occurred near the immediate site and diminished 
rapidly downgradient. Maximum concentrations of TDS 
(17.400 milligrams per liter [mgfll). nitrate (12.100 m a ) ,  
uranium (428pCi).and uitium (9,OOOpCi) were observed. 
Other elevated parameters included strontium. sodium. 
magmsium.cNoride.andsulfate. Concenmionsofnitram 
were elevated in one alluvial ground water well in the W e s ~  
Spray Field (up to 20 men). Nitrate values for other wells in 
this area did no( exceed IO m a .  Contamination of alluvial 
ground water w i lh i  thc Present Landfill consisted of el. 
cvatcd values of TDS (597 mgl) .  strontium (0.67 m g ) .  irm 

Samples of raw water supply for RFP were taken from 
Ra l sm Reservoir and Swth  Boulder DivcnionCanal. Mean 
concentrations and percent of DCG for plutonium. uranium, 
americium. and uitium were as follows: 

4 5 

5.4 mgfl), manganese (3.9 mgl) .  and uranium (18.4 pcii). 
Zoonumination did not extend past the boundaries of the 
?resent Landfill and apparently had not impacted bedrock 
water quality. 

Soil Monitoring 

Soils were sampled at 40 rites located in two concentric 
:irclcs of approximalcly I .6wd 3.2 kilometers (km)( I .Oand 
2.0 mi) radii from the enter of RFP.  Plutonium concentra- 
lionsranged from 0.04 toX.56picofurics pergnm (pc i ig )  for 
tu innerconcenuiccirc~eandO.Ol1o 1.94 ~ i g f o r l h c o u l c r  
:onuntriccirclc. Valuesforrites I-OYO(2.52f0.27pCiig). 
1-108 (8.56 f O.XI pcilg). 1-126 (1.08 f0 .13  pCi/g) and 2- 
D90( 1.94 f0.23 pCifg)locatedcabloflhc main facilitiesarea 
cxcccdd the Slate of Colorado standard of 2.0 d p d g  (0.9 
pCi/g). Contaminalion at l hev  sites originated from the 903 
Pad. 

External Gamma Radiation Dose 
Monitoring 

Thcrmolumincsccnt dosirneten: (TLDs) were used to measure 
external penetrating gamma radiation exposure at 46 loca- 
tions on and off RFP. Average annual dose equivalents 
measured onsite. in perimeter environs, and in nearby com- 
munilics were 167. 138.Md 15Y nlrem. rcspeclivcly. Thew 
values are indicative of background gamma radiation in the 
area. 

Assessment of Potential Plant 
Contribution to Public Radiation Dose 

Potential radiation dows were calculated from ingestion. 
ground-plane. irndiation. and air-inlr~hliondosc assessment 
source terms. The maximum mdintion dose to M individual 
continuouslypresent at thesiteboundary was8.3 x IO’ mrem 
commiltcd effective dose equivalent or 0.83% of the DOE 
interirnsvsdard for allpathwsys. hhhunmmmunilydm 
was 1.71 IO’ m r r m c o n u n i n r d c f f ~ u v e ~ ~ u i v d m l  or0.017% 
of he DOE i n w M i  sundud for d p l t h ~ ~ y ~ .  Winutcd doy 
annmimrntforilll i n d i v i d u l s l o a d l o f  X O k m ( s 0 ~ ) w ; C s  
below the DOErsonlmcndrJde niirrt is level of 1 m m  axn- 
m i d  effective dm muivdmr 



' J'!!Eo~Q ROCKY FLATS Plant Site Report - '89 Plant Site Report - '89 e s ~ ~ ~ ~  ROCKY FLATS 

PREFACE 

This report provides information to the public about the 
impact of the Rocky Rats Plant on the environment and 
public health. The report contains a compliance summary. 
description of environmental monitoring programs. and ra- 
diationdoscestimatesfor the surrounding population for the 
period January 1 through December 31, 1989. General 
content and format for this repon are specified by Depan- 
ment of Energy Order 5400.1. 

An environmental surveillance program has been ongoing 
since the 1950s. Early programs focused on radiological 

impacm to the environment. The current program examines 
potential impacts to air, surface water. ground water. and 
soils from radiological and nonradiological sources. 

Environmental operations at RFP are under the jurisdiclion 
ofseveral local.state. and federalagencies. most nolably.the 
Colorado Department of Health. Environmental Protcction 
Agency, and Department of Energy. A variety of reports arc 
prepared at different intervals for these and other agencies in 
addition lo the annual environmental repon. A listing of 
the.% reports is given in Appendix A. 

6 7 
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The Rocky Rats Plant (RFP) is pan of a nationwide nuclear 
weapons research. development and production complex 
administered by the Rocky Flats Office of the U.S. Depart- 
ment of Energy. The primary mission of RFP is the 
fabrication of nuclwr weapons components. Rockwell h e r -  
national wtu thc prime operating contractor for RFF' in 1989. 

Rocky Flats Site Environment 

RFP occupies an area of 2.650 hectares (ha) (6.550 acres) in 
northern JcffersonCounty.Colorado. approximately 26kilo- 
meters (km) (I6 mi) northwest of Denver (Figure I).  Main 
production facilities are located near the center of RFP 
within a fenced security area of I55 ha (384 ncres). The 
remaining plant area contains limited suppon facilities and 
sewes as a buffer zone to major production arms (USBOa). 
[Note: Literaturecitations abbreviated within this report are 
alphatetically listed in the References section] 

Appmximately 2 million people live within an 80-km (50-mi) 
radius of RFP. Adjacent land use is a mixture of agriculture. 
Open spaa. industrial and low-dcnsity residential housing. 
Population distribution. based on 1980 census data and 
adjusted by yearly growth 
estimates. is shown in 
Figure 2 (DR89). 

Climate 

Climate at RFP is charac- 
tenzed by dry, cool win- 
ters and warm summers. 
Elevationandmajortop 
graphical features signifi- 
cantly influence climate 
and meteorological dis- 
persion characteristics of 
the site. Winds. though 
variable. are predomi- 
nately nonhwesterly. An- 
nual pmipitation averages 
slightly greater than 38.1 
centimeters (cm) ( I  5 in.) 
with more than 80% 
occuring between April 

Figure 1 
Area Mop ofllorty Flats Plant ondSurruundin8 Communities 

Darn 

~ 

Figure 2 
Demographic EIlinwtcr Jor Arror 0.10 o d  10-50 bfilrr J r m  rhe Rag Flats Plant in 1989 
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and September. Maximum and minimum temperatures aver- 
age 23.3depsCels ius  (T)(76degrces Fahrenheit [Tl)and 
-5.6T (22T). respectively (USROa). Meteorological and 
climatological information for 1989aregivcn in AppendixB. 

Topography 

RFP is situated a( an elevation of about 1.830 meters (m) 
(6.000 feet In]) on che eastern edge of a geological bench 
knownlaallyasRocky Rats. Thisbench.about8 km(5mi) 
wide in an eact-west direction. flanks the eastern edge of the 
abruptly rising foothills of the Front Range of the Rocky 
Mountains. To  the east. topography slopes gradually at an 
avcragedomgradeof29metenperkilometer(m/lun)(95 ft 
pcr mi). Approximately 32 km (20 mi) to the west the 
Continental Divide rises to elevations exceeding 4.270 m 
(l4.ooO ft). 

Geology 

RFP is situated on the Rocky Flats Elluvium. an alluvial fan 
deposit. varying in thickness from 0 to 30 m (0 to 100 ft) 
providing a gravelly cover over bedrock. Underlying bed- 
rock formations consist primarily of claystone. Seismic 
activity of the area is low. and potentials for landslides and 
subsidence are not considered hazardous to RFP (USSOa). 

Hydrology 

Surface drainage generally occurs in a west to east pattern 
along five ephemeral streams within RFP. North Walnut 
Creek. South Walnut Creek, and Woman Creek drain the 
main plant facilities area and supply water to two reservoirs 
u a d  for municipal water supplies: Standley Lake and Great 
Western Reservoir. 

Ground wakrsystems at RFPconsist ofa shallow,unconfmed 
system in llie Rocky Flats Alluvium and a confined system in 
deepersandstone unitsof underlying bedrock. Ground water 
flow generally is totheeast within both systems. Hydrologic 
connection between the upper alluvium and lower bedrock 
occurs through sandstone units. 

Rocky Flats Site Operations 

Construction of RFP was approved by the US. Government 
in 1951 to increase production of nuclear weapons compo- 
nents. Limited operations began in 1952 within a total site 
amof 1.008 ha(2.520acres)and aplant faci l i t iesmof less 
than 160 ha (400 acres). Early operations involved 63.000 
.quaremeters(m’) (700.000square feet [ ft’])ofbuildmgflwr 
space in 2Ostrucrures. The U.S. Atomic Energy Commission 
(AEC) was the responsible government agency and Dow 
Chemical Company was prime contractor. responsible for 
operations. In 1974.the U.S. Energy Rescarch and Develop- 
ment Administration (ERDA) succeeded AEC. ERDA was 
inturnsucceeded by W E i n  1977. WithinDOE,adminisua- 

IO 

live responsibility was delegated tothe Albuquerque Opera- 
lions Office which established the Rocky Flats Area Office 
for day-to-day contact at RFP. In 1975. Dow Chemical 
Company was replaced by ‘Rockwell International as the 
prime contractor. Rockwell International operated RFP 
through 1989. 

Two major changes occurred in 1989 affecting administra- 
tion andoperationofRFP. Fint.theRockyRarsAreaOffice 
was upgraded tothe Rocky RatsOffice. accountable directly 
lo DOE headquaners in Washington, D.C. Secondly, DOE 
announced that Rockwell International wasbeing replaced as 
prime contractor by EG&G Rocky Flats. Inc.. effective 
January I. 1990. 

RFP fabricates nuclear weapons components from pluto 
nium. uranium, beryllium. and stainless steel. Production 
activities include metal fabrication and assembly. chemical 
recovery and purification of process-produced transuranic 
radionuclides, and related quality control functions. Ap- 
proximately 140structures contain nearly 256.400 m’(2.76 
million ft2) of floor space. Of this space. major manufactur- 
ing. chemical processing. plutonium recovery, and waste 
treatment facilities occupy about 148.600 m2( I .6 million ftl). 
Rockwell International employed 5.449 people at RFP in 
December 1989. 

Radiation at the Rocky Flats Plant 

RFPusesorhandlesboth radioactive materialsand radiation- 
producing equipment. Radiation-producing equipment in- 
cludes X-ray machines and linear accelerators. Important 
radioactive materials include plutonium. americium. ura- 
nium. and tritium. The.% materials may be handled in 
sufficient quantities to pose an offsite hazard. The most 
imporIan1 potential contributor to radiation dose from these 
materials is the alpha radiation emitted by the plutonium, 
americium. and uranium. 

Because of the low penetrating ability of alpha radiation. 
these materials are primarily a potential internal radiation 
dose hazard. That is. the radioactive material must be taken 
into the body for the alpha radiation to be harmful. For this 
reason, environmental protection at RFP focuses on mini- 
mizing re1ea.u of radioactive materials to the environment. 
Environmental monitoring focuseson pathways by which the 
materials could enter the body such as air inhalation and 
water ingestion. A pathway is a potential route for exposure 
to radioactive or hazardous materials. 

Appendix C. “Perspective on Radiation,”describes the basic 
conceptsofradiation. Readersunfamiliarwith thetypes and 
sources of ionizing radiation are encouraged to read this 
section fora better understanding ofcnvironmcntal monitor- 
ing data and radiation dose assessment at RFP. A more 
detailed as.ussmenl of radiation dose to the public from RFP 
is presented in Section 3.6. “Assessment of Potential Plant 
Contribution to Public Radiation Dose.” 

__-- - -I_- 

COMPLIANCE 
SUMMARY 

G. V. PORTER 

These agencies oversee compli.mce with applicable stan- 

TABLE 2.0-1 
Environmental Permils and Permil Applications for  the Rocky Flats Plant in I989 

PermiV 
Awlicalioq Number 
NPDES coooo1333 
(1mW) 

Bldg.’lZ C-12.931 
lncineralor (3/25/82) 

hcinerator (8/28/85) 
EM.  771 1UE932 

Bldg. 776 C-l3,022 
Incinerator (3/25/82) 

Bldg. 123 WE018 

Fugitive Dust 87JEWL 
Renewed (1 2/28/89) 

RCRA Part A CC-7890010526 

RCRA Pari B 

Water 

Ail 

Air 

Air 

Air 

Air 

Hazardous, Low-level Mixed 

and Transuranic 
Mixed Waste 

Hazardous and Low-level 

Mixed Waste 

Mixed Waste 
Transuranic 

Issuing 

EPA 

State of 
Colorado 

Slate of 
Colorado 

State of 
Colorado 

State of 
Colorado 

State of 
Colorado 

CDH 

CDH 

CDH 

Application for 

Active Permit 

Revision Pending 

Active Permit 
(Inaclive 
Source) 

Aclive Permit 
(Inactive 

Source) 

Active Permit 

Aclive Permit 

Interim Status 
Confirmed 
Augusl1989 

Application for 
Permit Pending 

Application for 
Permit Pending 
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evaluate major fcded actions significantly affecting 
quality of the human environment. NEPA documentation 

Regulation #8 implements NESHAP for nonradioactive I pollutants in Colorado.. This regulation mcif ics  work 

includes the Environmental Assessment (EA) and Environ- 
mental Impan Statement (EIS). 

Colorado Air Qualily Control Reguhtion #8 

RFP a NEPA comp~iancc committes (NCC) in 
February of I989 lo provide an integrated review, guidance 
and oversight for plantwide activities. The NCC created E 

Rocky Rau Plant Environmental Checklist (EC) that is 
rcquind for all p r o p x d  actions. Thc E c  provides an initial 
r r c c n i n g a n d r e v i c w o f c o n s t l u c ~ ~ a n d ~ n g ~ M 8 P r o ~ u  
~odetermim if submission of an Action Description Memo- 

sde~rm~onoflhe~cvc~orNEPAdocumcn~~ionruluirrd~ 

Dranw\s forthehterimRcmediaI Action the I 
m a  (DOWEA-WI 3)and Supercompactor and Repackaging 
,+aity and T,,, waste shrcdhr ( ~ m ~ ~ ~ ~ )  Were sub 

and approval in 1989, R~~~~~ 
from the Office of NEPA Project Assistance were expected 
in 1990. A,, w\ or EIS will p&r 
rrmediation of the 903 Pad. Mound, and &st Trenches mas 
once the extent of remediation is determined. No draft or 

m d u m  (ADM) is rcqukd.  ADMs submitted 10 DOE for 

lo WE for 

on five a u  ducts in 1990. which hnve the highest potcntiai 
beryllium cmissions. This testing will mcasure beryllium 
emissions for 24-hr periods and will serve ns the basis of on 
application for waiverofemission testing and daily sampling 
requirements. 

standards. emission limitations and mbicnt  nustandards for 
hazardous air pohtants including nsbestos. beryllium. 
mcrCury.benzene,vinylchloridc.lend,and hydrogensulfide. 
Potential hazardous air pollutants at RFP include asbestos 
and beryllium. Asbestos was used 8s insulation in the older 
facilities and is handled according to NESHAP regulations 
during demolition, or disposnl, Beryllium is 

over a 24-hr period. Beryllium emissions from RFF’did not 
exceedrhisstandard in l989(Scction3.1 . “ A i  Monitoring”). 

Thc Spcial  Assignment Team (Section 3.0,“Environmental 
Monitorin~Programs”)foundthntbe~lliumcmissions were 
monitordonamon*lybasis,wherensEPAmethhodsrequired 
sampling to determine maximum releases in a 24-hr period. 
Although total beryllium emissions for 1989 were below the 
daily emissions limit. RFP will conduct compliance testing 

at~pP. ne c m i s s i o n s s w ~  is 10gofberyllium 

’Ihc Clean Air Act sets standards for ambient air quality and 
hazardws air pollutants. AI RFP the focus is upon radioac- 
live and nonradioactive hazardous emissions (Section 3. I ,  
U A i M o N m W ’ b  Emissions permits for R F P  We h ied  in 
Table 2.0-1. 

National Emission Standards for Hazardous Air 
Pollutants (NESHAP) 

NESHAPgovcmbochradioaclivcandnonr~dioaclivepollut~ 
Bnu and admininerd by EPA and State of Colorado, 
respectively, Under rcgulalions promulgntcd in 1985, 
NESHAPlimitedairbomc radionuclideemissions from DOE 

highcrthanU ~mperycartor i l lbodydo~~quivalen~and 
75 mRm per year organ dose uluivalcnl, C o m p l i a n ~  is 
determined by calculating the highest effective dose equiva- 
lent any of public any offsite where 
there is a residence. school. business or office. 

facilities 10 ~ c v c ~ s  which would in radiation doses no 

Colorado Air Qualily Control Regulation #3 

Regulation #3 implements information ,@thering and per- 
mitting proccssesof air pollutioncontrol requirements listed 
underCodeofColorado Rcgulalions.Title5 - Depanmcntof 
Health. Chapter 1001. Air Quality Control Commission 
Rcgulations. Article 2-13, 15. and 16. The Air Pollution 
Emission Notice (APEN) form is the mechanism which 
allows CDH to track air pollution sources. determine their 
impacts. and issue appropriatc airemissions permits. APENs 
are required for most sources emitting “air pollutants” as 
dcfied in the Common Provisions of the Air Qunlity Control 

survey in 1989asan initiative ofthe Agreement in Principle. 
The survey will conlinuc through IY90. and results will be 5 

submitted on APEN forms to the Air Quality Control Divi- 
sion of CDH. New APEN submittals are ongoing. with the 
following new or revised APENs being nddrerscd in 19XY 

Rc8ula‘ions‘ RFP began a new plantwide air 

Plant Site Reporl. ‘89 

Building 778-LDY Laundry 
Building 865-EEE Research and dcvclopment 

machine shop and room air 
Building 865-WWW Hoods and machine shop 
Building 123 Urinalysis laborntory 
Building443 , S t e m  plant boilers. #4. #5. U6. 

#l 
General A collective APEN representing 

44 potential beryllium emission 

%site Overlol grading and nssocinted 
points 

construction activities 

Clean Water Act 

RFPsubmittcd Ihc“AuCompliance Rcpon”and dose calcu- 
IationsfortheprrviouscalendaryeartoEPA in 1989. Section 
3.6. “Aswssmcnt of Potential Plant Contribution to Public 
Radiation Dose:’ includes a discussion of these results. 
Radiation dose from radionuclide emissions were within 
NESHAP limits. EPA modified radionuclide emission stan- 
dards on Dcccmber 1989, for 1y90. 
standards limit effective dose equivalent IO 10 millirem per 
year (mRm/yr) to MY member of the public in any year. 

The Clean Water Act sets national effluent limitations and 
waterquality standardsandestablishcsa reguhtory program 
to ensure enforcement. In Colorado. discharge permits for 
fcderal facilities. such as RFP, are issued by EPA. ‘llu State 
of Coloradoseu water quality stand;lrds for receiving s m m  
and bodies of water. 

National Pollutanl Discharge Elimination System 
(NPDES) 

NPDES requires a permit before any pollutant is diwhnrgcc 
inm the waters of the United Srates. The permit must 
incorporale Best Management Prncliccs (state-of-the-an 
~cchnology)mprwcnt and control spillstothc cnvironnwnl 
from hazardous and other pollutant sources. The cuncnl 
NPDESpermit faRFP(N0. CO-OOOI 3333) authorizes sevcc 
point-source discharge locations of which four. ponds A3 
A4,BSandCZ.diwhargc intodrainagesleadingoffRFP. An 
application for renewal of this permit was filed in Daccmbei 
1988. Thc permit term expired and was administrativcl) 
extended by EPA in Jum 1989 to allow preparation of a neu 
permit. RFP did not violate NPDES limits in 1989 (Scctior 
3.2, ”Surface Water Monitoring”). 

Spill Prevention Control and Countermeasures, 
Best Management Practices Plan (SPCCIBMP) 

SPCC/BMP addrcsws fncility improvcmcnts. operationa 
procedures. policies. and requirements for reponing h m d  
ws substances and oil spills to appropriate rcgulatory nu 
lhorities and is administered by EPA. The SPCC/BMP fo 
RFP was revised in 1989 IO uddrew ch;mges associated wilt 
renewal of the NPDES permit. 

Colorada Water Quality Control Commissior 
(CWQCC) Temporary Water Standards 

The CWQCC adopted temporary water quality standards ii 
July.1989 for Walnut Cresk and Wonian Creek that requin 

c 

De.wriplion 

Incinerator 
Incinerator 
Incinerator 

* 
Building 771 
Building 776 
Building 1 2 ’  
Building 444-DO5 Machine shop 
Building444-MA1 Process. machinery and foundry 

hoods 
Chip roaster. hood and room air BuiIding447-MAI 
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analysis for organic and inorganic chemicals. metals. radio- 
nuclides, and ccnain physical and biological paranictcrs 
prior to discharge from final holding ponds at RFP. These 
standards were superceded in January 1YY0 by amodificd list 
of parameters adopted as permanent standards. RFP pro- 
vided samples to the State of Colorado for independent 
nssessmcnl of water quality before discharge. pursuant to the 
Agreement in Principle. Section 3.2. “Surface Water 
Monitoring.”describcs water quality standards in effcct for 
1989. RFPdid not violatc lheu tempormy limits in 1989. 

Compliance Events in 1989 

Building 4.14 Chromic Acid Spill. Chromic acid. origi- 
nating from a waste tank in a production area. breached 
sccondarycontainment (bcrmand building floor) and lraked 
undetected to footing drains on February 22. 1989. Ground 
water conlaminated by the acid was automatically puniprd to 
the plant’s sewage treatment Facility where an estimated 4.3 
kg (9.5 Ib) was discharged to buffer zone t lolding Pond 8-3 
and thenontospray irrigation f i~lds.  Runoff from these fields 
reached Pond B-5. Undcr normal circumstances this pond 
would have been discharged into the Great Westem Reser- 
voir.oneofthcraw watersuppliesfortltecityofBroomficld. 
However, the city of Broonificld requested a one-time di- 
versionoflhe watcrviaUppcrChurch Ditchtoavoidmunicipal 
water supplies although water quality of Pond 8-5 met EPA 
NPDES and Clean Water Act drinking water standards. 
Their request was grunted and the diversion staned on April 
25 and ended on hlay I. IY8Y. Rcquirenients set by EPA 
specific to this diversion of surface drainage were met. 

The estimated amount of chromium did not exceed the 
RCRA repomble quantity of 450 kg (1.ooO Ib). Also. 
dischnrgefromPond 8-Sdidnotexceedthcapplicable water 
quality standard for chromium of 0.05 pans per million 
(ppm). The Rocky Flats Officc of DOE notified the State of 
Colorado and EPA officials of this unplanned relcax. Cor- 
rective actions included. but were not limited to. installing a 
liner in the secondary containment area under the waste 
tanks. renovating the control system. upgrading the waste 
tank alarni system. and insvalling a recycle pump for waste 
tank sumpling. 

Atmrine in Surface \\‘iller Ponds. On July 6. IYXY.  EPA 
notified RFP that Atrazine had been found at levels of 18-20 
pans per billion (ppb) in Ponds A-4. B-S and C-2. Subse- 
quentsamplingonluly 30,1Y89.rcvcaled lcvclsof 5-46ppb. 
Atrazine is a slate-approved herbicide historically applied at 
RFP bynliceiiudcontractorinconformance with the Fedcrd 
Insecticide. Fungicide and Rodenticide Act. Atrazine is not 
a RCRA-listed compound and wns not limited under t e m p  
rary Colorado Water Quality Control Commission Classifi- 
cations and Standards adopted on July I I ,  IY89. I lowever. 
Atnzine is listed in the ”Proposed National Primary Drink- 
ing Water Regulations” with il limit of 3 ppb. I t  is nntici- 
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paled these regulations will be adopted by the EPA in 
December 1990. CDH recommended that RFP adhere to 
proposed federal limitations for Atrazine. 

Granular activated carbon adsorption treatment was used to 
remove Atrazine from Pond A-4 and Pond 8 - 5  water. Four 
systems (500 gallons per minute [gpm] each) cycle-treated 
the pond water without discharge until samples of treated 
water were approved by CDH. Ponds A-4 and B-5 were 
dischargedinto Walnut Creek from August24.1989. through 
October 17.1989.andfromAugust 17.1YX9.throughOctober 
I. 1989. respectively. CDH decided carbon treatment was 
not necessary for Pond C-2. However, elevated levels of 
magnesium and sulfites were observed in pre-discharge 
samples. Appropriate treatment was determined to be spray 
aerationofthe water for2 weeks priortodischarge to Woman 
Creek. This was completed and Pond C-2 was diwharged 
from October 4. 1989. to October 20. 1989. 

Toxic Substances Control Act (TSCA) 

TSCA authorizes testing and regulation of chemical sub- 
stances entering the environment. TSCA supplements sec- 
tions of the Clean Air Act. the Clean Water Act. and the 
Occupational Safety and Health Act and is administered by 
EPA. Compliance with TSCA at RFP is  directed at man- 
agement of polychlorinated biphenyls (PCBs) and asbestos. 

In 1989. RFPcomplcted replacement of 25 transformers and 
300capacitorrcontaining PCB-contaminated oils with trans. 
formerrandcapacitorsthat did not contain PCBs. Nonradio- 
active PCBs were shipped to certified waste disposal sites. 
No disposal sites present17 h i s t  for radioactive PCBs. 
Consequently. these wastes are being stored temporarily 
until an acceptable waste disposal method or facility is 
identified. ‘ 

Nonradioactive asbestos waste is disposed of in a designated 
pit at RFP. Radioactive asbestos waste is being temporarily 
stored until disposal at the Nevada Test Site becomes avail- 
able. 

Resource Conservation and Recovery 
Act (RCRA) 

RCRA provi&s“cradle-to-grave”contro1 of hazardous waste 
by imposing management requirements on generators and 
transportcnofhazardouswartesanduponownersandopera- 
tors of treatment. storage, and disposal facilities. The State 
of Colorado, under authority of EPA. regulates hazardous 
and radioactive mixed-wastes at RFP. Solely radioactive 
wastes a~ regulated by the Atoniic Energy Act of 1954 as 
administered through DOE orders. 
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Part A and Part B Permils 

The RCRA Part A permit application identifies facility 
location and operator. hazardous and mixed wastes to be 
managed and hawrdous waste management methods. A. 
facilitythathassubmittedaRCRA Part Akrmitapplication 
is allowed to manage hazardous wastes under transitional 
regulations known as the interim status requirements pending 
issuance of a RCRA Operating Permit. The RCRA Part B 
permit application consists ofa detailed narrative description 
of all facilities and procedures related to hazardous waste 
management. 

RCRA Part A and Part B permit applications for RFP cover 
hazardous waste treatment and storageoperations. R F P d a s  
not practice hazardous waste disposal. As the result of 
Settlement Agmment and Compliance Order#R9-07- 10-01 
among CDH, W E .  and Rockwell International. a con.soli- 
dated RCRA Part A permit application was submitted to 
CDH in August 1989 which included all hazardous. low- 
level mixed and transuranic mixed wastes. Separate RCRA 
part B permit applications were submitted previously for 
hazardous/low-level mixed waste (December 1989) and 
transuranic mixed waste (July 1988). 

Thepubliccomment periodon thedraft RCRAPartBpermit 
forhawdousandlow-levelmixed wasteopenedonOctober 
4. 1989. and a public meeting was held on November 14. 
1989. CDH ha. prepared a draft RCRA permit for 9 of 20 
hazardous and low-level mixed waste units at RFP and a 
Notice of Intent to Deny (NOID) for the remaining 1 I units. 
CDH cited the inability of CDH personnel, who lacked 
appropriate security clearances. toinspect units in production 
areasand inaccuraciesin the permit applicationasreasons for 
the NOID. RFP submitted comments on the draft RCRA 
pcrmit on December 18. 1989. Following a meeting with 
CDH and subsequent letter from DOE. the public comment 
period was extended to March 30. 1990, to allow RFP to 
submit additional information for waste units addressed in 
the NOID. The application for transuranic mixed waste is 
under review by CDtl. 

RCRA Closure Plans 

RCRA closure plans identify procedures removing hazard- 
ous waste management units from .ssrVice and programs to 
prevent bothshort-and long-term threatstohuman healthand 
the environment. These plans describe initial measures to 
minimize maintenance ofhazardous waste management units. 
to control and limit release of hazardous constituents and a 
plan to close units with monitoring during the postrlosurc 
period. 

Hazardouswaste management facilities which operate under 
interim staNs (40CFR 265)and facilities which will operate 
under a permit (40 CFR 264) must be addressed in RCRA 
Closure Plms (40 CFR. Parts 264 and 265. Subpart G). 
Closure plans for facilities which beginorcontinue operation 

following the interim status period must be addressed in the 
RCRA Part B permit. Hazardous waste management facili- 
ties that discontinue operation during the interim status 
period must be addressed by a separate RCRA Part B post- 
closurrpermitlhatspecificallycovenpostrlosure for interim 
staNs units. Thew arc units that have been removed from 
m i c e  bu tqu i r c  postslosure monitoringand maintenance. 

RFP has submitted closure plans in RCRA Part B permit 
applications for all currently operating hazardous waste 
managemmt facilities. Closure plans also have teen submined 
for facilitieswhich h a v e c c a .  operationsduring che interim 
stam period (i.e.. through December 31:1989). These 
interimstatusplansarc listed inTable2.0-2. Included in this 
table M eight closure plans submitted in 1989 for outdoor 
storage pds (two plans). internal building arcas (five plans) 
and storage tanks (one plan). All closure plans are under 
review by EPA and CDH. 

RFP continued characterization and monitoring of interim 
statusclosureunits in 1989. Efforts were focusedon priority 
arcas. spcciiically. the Solar Ponds, Present Landfill. West 
S p y  Field and UIC Original Process Waste Lines arcas. 
Majoractivities included removal ofwaste inventory.ground 
water. and surface water monitoring. soil sampling, and 
instsllation of new ground water monitoring wells. Annual 
groundwalermonitoring reports forthesehigh-priority areas 
were submitted to CDH and EPA on March 1. 1989. and 
March I ,  1990 (R189a. EG9Oa). These reports summarized 
ground water activities. data. and the rate and extent of 
contaminant migration for 1988 and 1989. 

The draft Interagency Agreement modifies the development 
and implementation of interim status closure‘plans at RFP. 
ForplrpoJesofstudy andcleanup. all areassubject to interim 
stahlsclosurcplansarccombined underasingledesignation. 
Operable Unit No. 3. Closure plans must be redrafted into the 
format of a RCRA Facilities Invcstigation/Remedial Invcs- 
tigation work plan. Phase 1 investigations will characterize 
soils and waste sources. and Phase I I  will investigate ground 
water. Both phases must be completed to fully evaluate and 
plan all potential remedial actions. 

RCRA Contingency P b n  

The RCRA Contingency Plan (Section G of the RCRA Part 
BFrmit) isdesignedtominimizchawrdstohumanhcalthor 
theenvironment from frcs.explosions. or unplanned sudden 
omon-sudden releaseofhazardous waste or hazardous waste 
CWtituents to air, soil, or surface water. RFP reports 
releapcs if: 

1) aminimumof 1 lbofsolidor I ptofliquidhazardous 
01 mixed wastes is released to the environment; 

2) a release inside a building exceeds the reportable 
quantity according to 40 CFR 302; 
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3) a re leas  is considered a hazardous waste incident 
using the RCRA definition of hazardous waste; and 

4) a release requires more than first aid treatment, pro- 
vided it occurs in a hazardous waste management 
unit. 

n 1989, 23 RCRA Contingency Plan Implementation Re- 
mrts were filed with CDH for RFP. 

Tompliance Events in 1989 

:ornpllnnce Order  #89-06-07-01. In June 1989. RFP re- 
:eivedCompliance Order#89-06-07-0 I from CDIl citing 25 
illeged violations of the Colorado Hazardous Waste Act. 
illeged violations pertaining to environmental monitoring 
ncludcd inadequate ground water monitoring and quality 
ssessmcnt. RFP responded to items contained in the Com- 
diance Order on July 24.1989, and agreed to certain actions 
lesigmd to resolve concerns raised by CDH including de- 
felopment of a ground water assessment plan. RFP submit- 
ed the ground water assessment plan in September 19x9. 

;ettlement Agreement and Compliance Order  #89-07- 
0-01. In July 19x9. Settlement Agreement and Compliance 
hder #89-07-10-01 was reached. resolving a number of 
ssues regarding storage of low-level and transuranic mixed 
vases at RFP. The agreement established a limit of 1.601 
ubic yards(yd’)oftransuranic mixed wastestorage on plant 
ite. 

kderal  Facilities Compliance Agreement and Compli- 
lnce Order  on Consent #RCRA (3008) Vlll-89-25. In 
ieplember 1989. DOE, CDH. and EPA signed a Federal 
:acilities Compliance Agreement and Compliance Order on 
:onsent that provides a I -yr period for DOE to work toward 
ompliance with”land disposal restrictions”of the Hazard- 
IS and Solid Waste Amendments of 1984. During this 
criod. DOE must take steps to address and resolve alleged 
and disposal violations at RFP including. at a minimum. 
ctions toassure accurate identification. safe storage. identi- 
ication of treatment methodologies and minimization of 
vastes prohibited from land disposal. RFP submitted the 
Dllowingdocumcnts to EPA in compliance with this agree- 
ment: “Storage Report” (October 19. 1989); “Inventory 
kport” (November 18. 1989); “Waste Minimization Re- 
on** (December 18. 1989): and ‘Treatment Plan No.1” 
December 2R. 19x9). 

:eltlement Agreement and Compliance Order  on Con- 
ent#89-10-30-01. In November 1989.DOE.CDIl and EPA 
igned Settlement Agreement and Compliance Order on 
~onscnt#R9-I0-30-01 regarding alleged violationsofRCRA 
azardous waste regulations for failure to implement proper 
iaste management procedures for”onsite process residues.” 
hring 1990, this agreement requires DOE to submit plans 
mcsidueclassification. residue characterization. and RCRA 
ompliance. RFP submitted the following documents in 
989 toCDH incompliance with thisagreement: “Inventory 
:eport” (December IS. 19x9) and “Draft Compliance 
‘ramework Report” (December IS. 1989). 



J!!EQXP ROCKY FLATS P 
mmnt Sltc Rewd - '89 Plant Site Report - '89 I, 

TABLE 2.0-2 
RCRA Interim Status Closure Plans for the Rocky Flals Plant 

.Ban 
Solar Evaporation Ponds 

Present Landfill 

West Spray Field 

Original Process  Waste  Lines 

Container Storage Facility 

Building 443 #4 Fuel Oil Tank 

Main Hazardous Waste  Storage 

Original Uranium Chip Roaster 

Building 444 Acid Dumpsters 

Bench Scale Treatment Unil#32 

Building 460 Acii Dumpsters 
and Solvent Dumpsters 

and Storage Facilities 
SWMU #53, Bldg. 371 a n d  771 Treatment 

SWMU #60. Bldg. 371, Room 1208 
Storage Facility 

jWMU #16, Bldg. 980 Cargo Container 

jWMU #26, Bldg. 881 Drum Storage 

iWMU #63, Bldg. 371 Drum Storage 

ranks T-40. T-66, T-67. and  T-68. 
SWMU #55 

iWMU #15, Storage Pad  904 

iWMU #25. Storage Pad  750 

pate of Initial Submind  

11/26/86. 

11/28/86 

11/28/86 

1 1/28/86 

11/28/66 

1 1/28/68 

6/30/8Bb 

1 om88 

1 OW88 

1 0/3/88 

Date of 
Additional Submittancg 

3/1/87; 7/1/88 

7/1/88 

1 om88 

1 0/3/88 

4/5/88 

4/5/88 

1 oIJle8 

4/1/89 

4/1/89 

9/89 

9/89 

9/89 

9/29/89 

9/30/89 

9/30/89 

L. Draft interim status  closure plan subrnilted to regulatory authorities o n  August 29, 1986. This plan was 
for review and  commenl prior lo final submision of an interim status  closure plan. 

I. This plan was completed on June  30, 1988. but was  not submitted lo the CDWEPA until July 5, 1988. 
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W&e Mlnlmlrsllon. The Rocky Flats Plant Wastc Mini- 
miration program realized M 80% reduction in the usc of 
~,\,l-uichlorcthnnc W A )  and Ficon-I13 bctwccn early 
1988 and UIC cnd of 1989. A major goal of this program is 
climinatim of hazardous solvents used for cleaning. namcly 
X A ,  Frcon-I13 and carbon tetrachloridc. A wastc paper 
recycle program was initiatcd in April 1988. and 51.4 tons 
were recycled that year. An incrcasc in recycled p a p  was 
achicved in 1989 to 116.7 tons of paper and 60 tons of 
Cardboard. 

'~staNsofthcwandothcrwaslcminimivlionprojects wa5 
given in the Waste Minimiration Assessment submitted to 
Ihc CDH on Dcccmber 18. 1989. The asscssmcnt mcets 
requiremenu of both Ihc Agrccmcnt in Principle and the 
Federal Facilities Compliance Agrement and Compliancc 
Ordcr on Conscnt. 

Comprehensive Environmental 
Response, Compensation and Liability 
Act (CERCLA) 

CERCLA and major amendments (Superfund Amcndmenl 
and Rcauthoriration Act [SARA]) provide funding and cn. 
forccmcnt authority for restoration of hnzardous wnstc siar 
and for responding to hazardous substance spills. Sites 
conlaminated by past wastc activitics must be investigatcd 
and remediation plans developed and implcmcntcd. Thc 
inlentofchcseactionsiFtominimize~crelcnwofhvnrdour 
wastc or other hazardous materials. thereby prolccting hu. 
man health and the cnvironmcnt. 

CERCLA requirements M addressed in a scrics of wqucn. 
tialphascsdcsigmd~oidentify,designandconiplctcrrstora. 
tion of contaminated sites. In 1989 and cnrly 1990. RFF 
submincd several repons and work plans to CDH and EPA 
which rcflcct phased implcmcntalion ofCERCLA activities 
begun in 1987.81 the 881 Hillside and 903 Pad. Mound, and 
East Trcnchcs Areas. Those reports were as follows: 

* "Background Hydrogcochcmicnl Characterization 8 
Monitoring Plan."January 1989 (RIKYb); 

"Proposed Interim Mcasurc.s/lntcrim Remcdial Actior 
Plan and Decision Documcnl. 903 Pad. Mound. and h s  
Trenches AM," December 1989 (RI89c); 

* "Draft Phase I I  RVFS Work Plan, Rocky Flats Plant. 90: 
Pad.M~andEastTrenchcsArcas.OpcrablcUnirNo 
2." December 1989 (R189d); 

. "Background Geochemical Characterization Repon.' 
Deccmbcr 1989 (R189c); 

"Interim Remedial Action Plan for 8x1 Hillside Area.' 
August 1989 (R1890; and 
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- "DnftPhascIIIRI/FS WorkPlan.Rocliy~alsPlanl.881 
Hillsidc AreaOperablc Unit No. I ."January I990 (R190). 

The 881 Hillsidc area was designated Operablc Unit # I  
(O.U.l)andthcW3Pad.Mound.and~slTrenchesarcasar 
Operable Unit #2 (O.U.2) purauant to the Interagcncy 
Agrecmcnt. Thc lnlcrim Remedial Action Plan cited above 
described proposed actions to address contaminatcd alluvial 
ground walcr at O.U.1. The public coniment period for this 
plan opened October 12, 1989. and closed November 21, 
1989. Publicmeclings were heldonOctober24andNovember 
9. IY89. lntcrim remedial construction at thc KXl Hillside 
began in January 19YO. 

Complionce Events in 1989 

RFP was added to thc National Priorilies List (NPL) on 
October 4. 1989. NPL is an ordered ranking of CERCLA 
sitcscvnluatcd using the Hazardous Ranking Syfteni. Ifa site 
scores abovc a ccrtain thrcshold level set by EPA. thc sitc is 
placed on thc NPL. RFPhad been propowd for inclusion on 
the NPL for a number of ycars and had been studicd by EPA 
to dctcrminc whcthcr the sitc met criteria for NPL listing. 

Emergency Planning and Community 
Right-to-Know Act (EPCRA) 

EPCRA wascnacted as a frce-standing provision of SARA in 
1986. This statutc requires facilities to notify state and locd 
emergency planning cntities of the prcsencc of potentially 
hazardous substances in their facilities and to report on thc 
invcntorics and cnvironmental rclrases ofthov substanccs. 
Thcintcntofthcscrcquiremcnts istoprovide the public with 
information on hazardous chemicals in thcir communilics. 
enhancing public awareness of chemical hazards and facili- 
laling dcvclopmcnt of statc and local cmcrgcncy responx 
plans. 

Section 312 

Section 312 of EPCRA rcquircs Facilities to preparc an 
annual report titled. 'Tier I I  Emergency nnd Hwardous 
Chcmicnl Inventory Forms." listing thc qunntitics and loca- 
tions of hazardous chemicals. The report must be submitted 
to local cnicrgcncy planning and responsc authorities. RFP 
submitted this report to the following agencies in I Y K Y :  
Colorado Fmcrgency Planning Commission. Jeffemn County 
Emergency Planning Committec. Boulder County Enicr- 
gcncy Planning Conitnittee. and the Rocky Flals Fire Depm- 
men! (jurisdictional l ire dcpanmcnl). 

Section 313 

Section 313 of EPCKA requires facilities 10 preparc an 
annual report titled Tox ic  Chemical Releaw Inventory. 

I7 
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Form R.” if thresholdquantitiesof listed toxic chemicals are 
exceeded. In 1989. threshold chemical quantities were: 

- 25.000 Ibs for listed chemicals either manufac- 
tured or processed; and 

* 10,000 Ibs for listed chemicals otherwise used. 

Facilities must Rportquantitiesof both routine and accidental 
releases of listed chemicals. maximum amount of the listed 
chemical stored onsite during the calendar year and amount 
contained in wastes msfe r r ed  off-site. RFP submitted this 
rcporttoEPA in 1989detailing thefollowingchcmicalsused 
in 19R8: 

Chemical Annual Use (Ibs) 

Carbon Tetrachloride 
Freon-I13 
Hydrogen Fluoride 
Nitric Acid 
Phosphoric Acid 
Sodium Hydroxide Solution 
Sulfuric Acid 
1.1.1-Trichlomthane 

Interagency Agreement 

l86.R I6 
36.893 
64.159 

436.7 I1 
12.059 

536.535 
13.174 
47.630 

Adraft Interagency Agreement wasnegotiated among EPA. 
CDH. and DOE during 198Y to serve as the framework for 
environmental restoration activities at RFP. This agreement 
clarifies EPA. CDH and W E  regulatory roles, coordinates 
ovcmight efforts. and corrective actions. standardizes re- 
quiremcntr.andcnsurercompliancc withordemand permits. 
The Interagency Agreement also specifies delivery of major 
reports. project management activities, and milestones. in- 
cluding community involvement and decision making re- 
sponsibilities. The draft agreement divides RFP into ten 
operable units for characterization and cleanup. Groupings 
are based on location or similarity of site characteristics. A 
draftofthisagreement wasmadeavailable forpublic review 
and comment beginning December 22. 1989. l’he public 
comment period ended on February 21,1990. 
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Agreement in Principle 

An Agreemenl in Principle was executed between DOE and 
the State of Colorado on June 28, 1989. This agreement 
identifies additional technical and financial support by DOE 
to Colorado for environmental oversight. monitoring. 
remediation. emergency response. and health-related initia- 
tives associated with RFP. Also. the agreement addresses 
RFP environmental monitoring initiatives and accelerated 
cleanup whereconlamination may present an imminent h a t  
to health or the environment. The agreement is designed to 
assure citizens of Colorado that public health. safety and the 
environment are being protected through accelerated exist- 
ing programsand substantial new commitments by DOE. and 
through a vigorous program of independent monitoring and 
oversight by Colorado officials. 

Settlement Agreement 
(Church vs. DOE et al.) 

A settlement agrccmcnt among W E .  Dow Chemical Com- 
pany.Rockwcll International. local governments. and private 
landowners was reached in July 1985. requiringremediation 
actions to reduce plutonium contamination on areas adjacent 
to the eastern boundary of RFP. Contamination originated 
from the area now designated as the 903 Pad and occumd 
through airborne dispersion of plutonium piulicles. Soils 
analyses revealed offsite plutonium levels exceeding the 
Colorado standard of 2 disintegrations per minute per gram 
(dpdg)  (0.9 pCidg). though the EPA screening level of 44.4 
d p d g  (20.0 pWg) was not exceeded. Court-ordered reme- 
dial action wasdesignated for350acres through plowing and 
revegetation toprevent resuspensionofthe plutonium. Legal 
ownership of these contaminated lands was transferred to 
Jefferson County and the City of Broomfield for reservoir 
expansion and open space (no public access is permitted). 

Approximately I20acrcsofJcffenon County land have been 
treated by plowing.tillageand seeding. Plutonium levels for 
theseareasarenow withinstate limits. Howevcr.revegetation 
measures have been largely unsuccessful. Remediation 
activities planned for 1990 include further tillage and seeding 
with irrigation. 

PROGRAMS 
D. B. COSTAIN 

Overview 

Theobjcctiveofenvironmental managementat RFPhasbeen 
to minimize and. where practical. eliminate the discharge of 
radioactive and nonradioactive hazardous effluents. Perfor- 
mance of this objective has been measured by monitoring 
programsdcsignedtoquantify potential impacts tothe public 
and thc environment. Effective with the change in the prime 
conlractor to EG&G Rocky Rats. Inc. (January I ,  1990). all 
environmental programs wereconsolidated under the Direc- 
tor of Environmental Restoration (ER). Objectives were 
expanded under ER to include restoring and enhancing the 
environment in and around RFP. 

RFP conducts operations that involve or produce liquids, 
solids. and gases containing both radioactive and nonradiw 
activebut potentially hazardous materials. Wcnvironmen- 
tal programs monitor peneuating ionizing radiation and 
pertinent radioactive. chemical. and biological pollutan~% 
Dataonair.surfacc water.drinLingwater.ground waIer,and 
soils provide information to assess immediate and long-term 
envhnlalconsequencesofnormal and unplannedemuent 
discharges and actual or potential exposurestocritical popu- 
lations. Site-speci~cdataarcu.~dtoevaluate riskto humans 
and to assist waming of unusual or unforeseen conditions, 
when special environmental monitoring programs might be 
activated. Routincreportstolocal. state. and federal agencies 
and rhe public pmvidc information on the performance of 
these programs in maintainingand improvingenvironmental 
quality and public health and safety at RFP. The document. 
“Catalogue of Monitoring Activities at Rocky Flats”(RI89g). 
togahcr with ground water reports (RIR9a. RIS9d. RIW), 
describe environmental monitoring programs at RFP. Each 
of Ihe following sections also presents an overview of 
monitoring activities for 1989. Table 3.0.1 lists the primary 
environmental compliance standards for environmental 
monitoring programs at RFP. 

In addition lo  environmental programs performed by EG&G 
Rocky Flats. Inc.. several federal. state. and local govern- 
mental agencies conduct independent audits and environ- 
mentalsurveyswithinandadjacent toRFP. CDH.WE. and 
the cities of Bmmfield and Westminster conduct various air. 
waler and soils monitoring programs. Data arc reported 
collectively at monthly Environmental Monitoring Informa- 
tion Exchange Meetings. RFP provides monthly environ- 
mental monitoring summaries at these meetings which are 
open to the public and have been ongoing since the early 
1970s. 

The Honorable Roy Romer. Governor of Colorado. created a 
Governor’s Rocky Flats Scientific Advisory Panel on 
Monitoring Systemson July7.1989. Objectivesofthis panel 
were: I )todetcrmincwhcthercurrent and propadmonitoring 
systems were adequate to detect release. distribution. and 
concentrations of materials in amounts recognized as haz- 
ardous lo human health 2) to determine whether the infor- 
mationhad beencollected in aconditionsuitable foranalysis, 
modeling, and interpretation; and 3) to recommend corrcc- 
tionsasnecessary. A final report on recommendations by the 
panel was scheduled for March 1990. 

Sections 3.1-3.601 this report summarize resultsofcnviron- 
mental monitoring programs at RFP in 1989. Results arc 
commonly compared to appropriate guides and standards 
which establish limits for radioactive and nonradioactive 
effluents. Readers unfamiliar with these standards are en- 
couraged to review Appendix D. “Applicable Guides and 
Standards.” 

Special Assignment Team 

On June 6.1989, W E  mobilized a Special Assignment Team 
to provide an independent evaluntion of operations and prac- 
tias at RFP. This  followcd initiation of a search w m t  by 
EPA based on an affidavit alleging regulatory and ctimiinal 
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Table 3.0-1 
Primaty Compliance Standards for Environmental Monitoring Progroms al the 

Rocky F h s  Plont in 1989 

&Ionltorlwroa rem 

UR 

Elfluent Air 

Nonradioactive Ambient Air 

Radioactive Ambient Air 

NRFACE WATER 

Surface Water 

Community Water 

ComDllance Standards 

NESHAP (Title 40 CFR 61). 

Colorado Air Quality Control Regulation #8 (Title 5 CCR 1001) 

General Environmental Protection Program (DOE Order 5400.1 

Environmental, Safety. and Heallh Program for Department of 
Energy Operations (DOE Order 5480.1 B) 

NAAQS (Title 40 CFR SOP 

General Environmental Protection Program (DOE Order 5400.1 

Environmental, Safety, and Health Program lor Department of 
Energy Operations (DOE Order 5480.1 B) 

General Environmental Protection Program (DOE Order 5400.1 

Environmental. Safety. and Health Program for Department of 
Energy Operations (DOE Order 5480.1 B) 

NPDESc (Title 40 CFR 122.125) 

Colorado Water Quality Control Cornmission Temporary Surfacc 
Water Standards (Title 5 CCR 1000) 

General Environmental Protection Program (DOE Order 5400.1 ~ 

Environmental, Safely, and Health Program lor Department 01 
Energy Operations (DOE Order 5480.1 8) 

National Interim Primary Drinking Water Regulations (Title 40 
CFR 141) 

Colorado Primary Drinking Water Regulations (Title 5 CCR 
1002) 

iROUND WATER 

General Environmental Protection Program (DOE Order 5400.1] 

Environmental. Safety, and Health Program for Department of 
Energy Operations (DOE Order 5480.1 B) 

CERCU (Title 42 U.S.C. 9601)d 

RCRA (Title 42 U.S.C. 6901)’ 
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Table 3.0-1 (Continued). 
Primary Compliance Standards for Environmental Monitoring Programs at the 

Rocky F U  Plant in 1989 

GROUND WATER 

SOILS 

RADIATION DOSE 

Colorado Hazardous Waste Management Act (Title 25 CRS, 
Article 15) 

General Environmental Protection Program (DOE Order 5400.1 

Environmental, Safety. and Heallh Program for Department of 
Energy Operations (DOE Order 5480.1 B) 

USAEC Rocky Flats Plant. 1973 Environmental Surveillance 
Summary Report’ 

General Environmental Protection Program (DOE Order 5400.1 

Environmental. Salety. and Health Program lor Department of 
Energy Operations (DOE Order 5480.18) 

Radiation Standards lor Protection 01 the Public in the Vicinity ( 
DOE facililiesg 

General Environmental Protection Program (DOE Order 5400.1 

Environmental. Safety. and Health Program lor Department of 
Energy Operalions (DOE Order 5480.1 8 )  

a. National Emission Standards lor Hazardous Air Pollutants 
b. National Ambient Air Quality Standards 
c. National Pollution Discharge Elimination System 
d. Conlprehensive Environmental Response, Compensation and Liability Act 
e. Resource Conservation and Recovery Acl 
1. USAEC Rocky Flats Plant, 1973 Environmentd Sutyeillance Summary Report. CDH. Division of 

Occupational Health. 1973 
g. DOE Memorandum from Environment. Safety and Health, W.A. Vaughan. Assistant Secretary. August 

violations of cnvironmenull law at RFP. The U. S. Dew- 
men1 of Justice i s  conducting the investigation nnd n federal 
Brand jury has k n  convened IO review RFP compliance 
with applicable environmenlal Inws. 

The special Assignment Tern wasdivided intofourgroups. 
oneof which was lasked withauditingenvironmcntnl issues. 
0bjstivesoflhisFnvironmenwlTc;unwcrc todctcrrninc: 1) 
whether MY imminent threat existed to public henlth or the 
cnvimmcnt 89 a mult of RFF’ activities; 2) whether RFP 
OpratiOns were k ing w&~.:d in ~r:~v,Lmce with appli- 
cable environmenbl ryuiren,cntr ha nlanagcmcnt 

Findings 

The environmental audit was completed on July 21. 1989. 
and results were reponed in the document. “Assessment of 
EnvuonmcntnlConditionsatthe Rocky Rats  Plnnt”(US69a). 
Major hdings were as follows: 

. Nosituationswcrc observed which posed M immincnl 
h e a t  to public health or the environment; 

* lmplemenwlion of environmental progms IdCd 
coordinationmd washindercdl .: 1). -13 ~-1!ntt:uniCa1i~; 

- Environmental proprrnh required iniprovcnlcnts to 
more nccuntclvchar~ctcrizce nnd monilor plant-rclrtcd I practices; and 3) the SUNS of prcvioudy idenlified cnviron- 

mental problems. 
. ~ ~~~~ 

I emissions. disfhargcs. and ambient conditions; 
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- Effective implementation of the site remediation 
program was adversely impacted by poor 
communication. coordination. planning. and 
scheduling; 

* Implementation of effective waste management 
program was severely hindered by site waste storage 
constraints, conwrvativc waste classification practices. 
andalackofoptionsfortreatmentand finaldisposition 
of waste: 

* The quality and reliability of sample collection. 
laboratory analyss. and other information generated in 
suppon oftheenvironmental monitoring and restoration 
programs were not adequate to achieve program goals; 

- Managcmentandmaintcnanceofthesewagctrcatment 
plant (STP) had received low priority resulting in 
inefficient operation which could create problems in 
meeting future permit requirements: 

* The I987 WastcStreamCharacterization Study didnot 
reflect current waste processes at RFP  and 

* A comprehensive strategy was needed to perform 
activities required by NEPA. 

Corrective Actions 

EG&G Rocky Flats, Inc.. responded to findings ofthe Special 
Assignment Team in the document. “EG&G’s Response to 
the As.ussmcnt of Environmental Conditions at the Rocky 
Rats Plant” (EG90b). This respome identified three major 
contributing causes for many of the findings: I )  lack of a 
singlecentral environmental organizntion; 2) lick of funding 

22 

Plant Site Report - ‘89 

to implement proposed changes to DOE orders and other 
environmental regulations inn timely nianner: and 3) lack of 
an overall environmental management plan integrated in the 
plant overall management plan. The response by EC&G 
Rocky Flats. Inc.. was presented as an Action Plan that 
included descriptions of measures to be taken by RFP to 
address findings and schedules, milestones. associated costs. 
and parties responsible for implementing planned actions. 
Many of the activities described in this Action Plan overlap 
or are similar to actions specified in the Agreement in 
Principle and Interagency Agreement described in Section 
2.0. “Compliance Status” and to the RFP Five-Year Plan 
(FYP) for environmental and w a l e  programs (R189h). 

Five-year and Site-Specific Plans 

ThepurposeoftheFYPistoestablishanagendaforcompli- 
ance and cleanup against which progress will be measured. 
The plan will be revised annually, with a live-year planning 
horizon. The FYPcncompasses total program activities and 
costs for DOECorrective Activities. Environmental Restora- 
lion. Wiwte Management and Applied Research and Devel- 
opment. Hazardous. radioactive, mixed (hazardous and 
radioactive). and sanitary wastes are addressed together with 
facilities and sitescontaminated with or used in the manage- 
men1 of those wmtes. The FYP consists of Activity Data 
Sheets thatde.scribe activities at RFPand define budgetsand 
whedules for these activities. 

To describe how activities shown in the FYP would be 
implemented at RFP. a Site-Specific Plan (SSP) was pre- 
wed .  Drafts of this plan were prepared in late 1989 and a 
h a 1  version inearly 1990(EC90c). TheemphasisoftheSSP 
is on near-term activities. primarily those tobe accomplished 
in fiscal year 1990. 

Emuent Air Monitoring 

Overview 

production and rcsearch buildings at RFP arc quipped with 
ventilation exhaust systems. Particulates generated by pro- 
duction and research activities are captured by exhaust air 
stream air filters. Thest particulate materials arc removed 
fmm the airstream in each exhaust system by means of High 
Eliiciency Wrciculatc Air(HEPA) filters. Residual particu- 
lates in each of fhac systems arc continuously sampled 
downsweam from Ihe fmal stage of HEPA filters. For 
immediate detection of abnormal conditions. ventilation sys- 
tems that service arcas containing plutonium arc equipped 
with Selective Alpha Air Monitors (SAAM). SAAMs are 
sensitive to specific alpha particle energies and arc set to 
detcct plutonium-239 and -240. These detectors arc sub- 
jected to daily operational checks. monthly performance 
testing.andcalibrationforairflow.andanannualradioactive 
sounucalibration tomaintain their sensitivity andreliability. 
Monitors alarm automatically if out-of-tolerance conditions 
arc experienced. No such condition occurred during 1989. 

At regular intervals. particulate samples from a continuous 
Mmpliig system arc removed from each exhaust system and 
radianeeically analyzed for long-lived alpha emitters. The 
concentration of long-lived alpha emitters is  indicative of 
efflucntqualityandoverallperformanceofthe HEPAfiltra- 
lion systems. If the total long-lived alpha concentration for 
an effluent sample excecds the RFP action guide value of 
0.020 x lO”pCi/tnl(7.4 x lW Bq/m’), a follow-up invcsti- 
gationisw~uctedtodeterminethecauseandtoevaluatethc 
need forcomctivc action. The actionguide value is equal to 

offsite Derived Concentration Guide (DCG) for pluto- 
nium activity in air. (See Appendix D for guide explana- 

j 

, 
tions.) 

At Ihe end of each month. individual samples from each 
exhaust system arc composited into larger samples by loca- 

Uyzmi  for beryllium particulates. The remainder of the 
&~lved sample is subjected to radiochemical separation 
and alpha specbal analysis that quantifies specific alpha- 
emitting radionuclides. Analyses for uranium isotopes arc 
-ducted for each composite sample. 

! 
I &n. An aliquot of each dissolved composite-sample is 

i 
I 

Forry-two of the ventilation exhaust systems arc located in 
buildings where plutonium processing isconducted. Particu- 
late samples from these exhaust systems arc analyzed for 
specific isotopes of plutonium and americium. Typically, 
americiumconuibutcsonlyasmall fractionofthetotal alpha 
activity airborne release from RFP. 

Pr0ce.s~~ ventilated from several exhaust systems poten- 
tially exhibit trace quantities of tritium contamination. 
Bubbler-typc samplers are used to collect samples three 
times each week from the monitored locations. Tritium 
concentrations in the sample are measured using a liquid 
scintillation photospectrometer. 

Results 

Projected d m s  to the public from radionuclide emissions 
w e n  within NESHAP limits (Appendix D. Table DI). 
Section 3.6,“Assessment of Potential Plant Contribution to 
Public Radiation Dose,” includes a discussion on radiation 
dose estimates from air emissions. 

Plutonium and Uranium. During 1989. total quantities of 
plutonium and uranium discharged to the atmosphere from 
RFPpnressingandsuppon buildingswere5.12pCi (I.R8x 
IO‘ Bq) and 7.62 pCi (2.R2 x Io’ Bq). respectively (Tabla 
3.1-1 and 3.1-2). These values were comcted for back- 
ground radiation. 

The maximum plutonium and uranium sample concentra- 
tions were observed following a HEPA filter change on 
December 9 and 10 in Building 88 I .  The sample concentra- 
tionmeasured for plutonium war0.145 x IO“pCiml(5.37 
x IO’B@’)andforuranium waz0 .218~  IO”pCi/ml(R.07 
x IO’ Bq/m’). 

The facility sewed by this exhaust system was originally 
constructed in 1956 and was designed for processing and 
machining enriched uranium. Over the years. production 
operations involving radioactive materials were phawd-out 
or relocated to other. more suitable facilities. However, the 
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TABLE 3.1-1 
Plutonium in Efluent Air d the Rocky Flats Plant in 1989 

Plulonium239. -240 Plutonium-238 

Monm 
- 
January 
F-W 
March 
APdl 
May 

Julv 
August 
Septembet 
Oaober 
November 
December 

Overall 

June 

Number Total 

01 Discharge 

Analyses ( p a )  
- -  

47 0.33 
47 0.15 
47 0.07 
47 0.28 
47 0.18 
47 0.06 
41  0.18 
47 0.07 
48 0.16 
47 0.05 
47 0.32 
48 3.03 

566 4.90b 

0.005 f 0.0005 
0.001 f 0.0001 
0.001 fO.OOO1 
0.001 fO.OOO1 
0.001 fO.OOO1 
0.001 fO.OOO1 
0.001 f 0.0002 
0.001 f 0.0002 
0.032 f 0.0096 
0.000 f 0.0000 
0.002 f 0.0002 
0.145 f 0.0060 

0.145 f 0.0060 

Number Total 

of Discharge max. 

Analyses CCi) (X 10.12 pcvml) 

47 
47 
47 
47 
47 
47 
47 
47 
48 
47 
47 
48 

0.01 
0.00 
0.00 
0.01 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.10 
0.06 

0.00007 f 0.00001 
0.00002 f 0.00001 
o.oooo2 f 0.m001 
0.00005 f 0.00001 
0.00002 f 0.00001 
0.00009 fO.OOOO1 
0.00003 f 0.00003 
0.00003 0.00001 
0.00054 f 0.00021 
0.00002 fO.OOOO1 
0.00075 fO.OOU07 
0.00239 f 0.00032 

566 0.29 0.00239 f 0.00032 

a. Maximum sample mncentration. 
b. Minor dlsuepawies in total discharge values resuII lrom rounding errors in calculations. 

Month 

TABLE 3.1-2 
Uranium in Effluent Air at the Rocky Flals Plant in 1989 

Uranium-233, -234 Uranium-238 

Number Tolal Number Total 

max. 01 Discharge max. 01 Discharge 

Analyses (pCi) (x 10t2pCi/ml) Analyses ( p a )  (x 10'2pCilml) 
- -  - -  

55 0.02 
55 0.09 
55 0.01 
55 -0.02 
55 -0.03 
55 -0.02 
55 0.01 
55 0.17 
56 -0.05 
55 -0.01 
55 0.07 
56 4.77 

0.00009 f 0.00007 
0.001 13 f 0.0001 7 
0.001 54 f 0.0001 8 
0.00013 fO.00012 
0.00022 f 0.00007 
0.00024 fO.00021 
0.0001 1 f0.00012 
0.00167 fO.00024 
0.00146 fO.00290 
0.00005 f0.00012 
0.00071 f0.00019 
0.21823 fO.00691 

55 
55 
55 
55 
55 
55 
55 
55 
56 
55 
55 
56 

0.13 
0.12 
0.03 
0.06 
0.00 
0.08 
0.14 
1.70 
0.08 
0.08 
0.14 
0.05 

0.00029 f 0.00007 
0.00041 f 0.00008 
0.00019 f 0.00006 
0.00056 f 0.00009 
0.00035 f 0.00007 
0.00005 f0.00008 
0.00052 f 0.00012 
0.01324 fO.00147 
0.02043 f 0.00353 
0.00023 fO.OOO1O 
0.00006 f 0.00009 
o.ooot5 fO.00008 

662 5.02b 0.21823 f0.00691 662 2.6ob 0.02043 f0.00353 

I. Maximum samole Eoncentration. 
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oriiinal ventilation ductwork containing residual contaminn- 
tion continued operation. Air was no( recycled into the 
worker cnvimnment. Workspaces formerly devoted to urn- 
&m processing operations were decontaminated and 
nowacupiedbyrewarchanddcvclopment and non-dcstruc- 
live us- of nonradioactive materials. 

A follow-up investigation of this occumnce suggested re- 
sidual conlnmination was displaced and leaked past the 
HEPA fh.n during the filter change operntions. The 
quantity ofplutonium associated with this dischnrge was 2.95 

( I  .65 x IO' Bq). Effluent air samples collected following the 
period of the filter c h g c  until the system was shut down, 
were within the ranges typically measured from this exh~ust 
system. 

Approxi~nalcly 125 fillets were changed in the single-stngc 
exhaust system. In-place testing of replaced HEPA filters 
revealed improper seals between the HEPA filters and 
mounlingmuncS whichcreatdalcnkpath. Thisleakage was 
verified subsequently through laboratory analysis of smenr 
samples from chc down-flow side of the exhaust plenum. 
Upon discovering the leakage. the exhaust system was shut 
down until c o m t i v c  rcpirs  could be made. These repain 
M J f h C d U k d  for 1990 and will involve removing the filter 
plenum fiUm service and redirecting the air srrenm to an 

I pCi (1 .09~ IO'8q)andthcquantityof uranium was4.45 p c i  
i 

. 

ultemntefil~er. Ihc  air dampers wercclosednndthcretum air 
ducts sealed off. Eighty occuprnts of the building were 
relocated and personnel movement 10 the affected arcns was 
restricted. Procedural modifications were made to require 
additionnl contamination surveys immediately following 
changes in l i d  stages of HEPA filters. 

In September 1989. operation of RFP's primary plutonium 
recovery facility was suspended to nccomplish upgrades 10 
safety systems and IO perfom a general cleanup of the 
facility. A phascd-in restarl of the facility began in January 
1990. The ovenll decreases in radionuclide emissions dur- 
ing 1989. compared to those of 198R. nre a reflection of the 
reduced production activities for these facilities. 

Valuesreponed for total quantiticsof plutonium and uranium 
discharged for 1989 vary from the monthly environmentill 
monitoring repons because of rounding in calculations and 
becnuwthcannual report includcspIuronium-23R. -239.and 
-240. whereas the monlhly repon gives plutonium-239 and 
-240. Plutonium-238 represented 4.5% of the totnl plulo 
nium discharged in 1989. 

Americium. Totnl nmcriciumdischnrged in 1989 was 1.18 
pCi(Tublc3.1-3). Maximum concentration was 0.033 x 
IO" pCi/ml. observed in simples lnkcn in Dccember. 
Americium values were corrected for background radiation. 

TABLE 3.1-3 
Americium in Effluent Air at the Rocky Flats Plant in 1989 

Americium241 

Number Tolal 
of Discharge max. 

Month Analyses (IrCi) (x IO" vciml). 
- - - 

January 

March 
February 

April 
May 
June 
JW 
Augusl 
September 
October November 

December 

47 
47 
47 
47 
47 
47 
47 
47 
48 
47 
47 
48 

0.03 
0.04 
0.07 
0.05 
0.04 
0.03 
0.04 
0.01 
0.00 
0.03 
0.14 
0.69 

0.00033 f 0.00002 
0.00010 f0.00002 
0.00239 fO.00035 
0,00017 f 0.00004 
0.00013 f0.00002 
0.00007 fO.OOOO1 
0.00028 fO.00004 
0.00008 f 0.00002 
0.00221 f0.00047 
0.00040 f 0.00005 
0.00066 fO.00008 
0.03314 f0.00459 

0.03314 f0.00459 Overall 566 1.18b 
~~ 

I. Maxlmum sample concentration. I b. Minor dlmepandes in total discharge value result lrom rounding errors in the calculations. 

24 
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TABLE 3.1-4 
Tritium in Effluent Air at the Rocky Flats Plant in 1989 

Tritium 

Month 
- 
January 
February 
March 
April 
May 
June 
July 
August 
Seplember 
October 
November 
December 

Overall 

Number 
O f .  

Analyses 

53 
54 
66 
65 
64 
53 
73 
66 
76 
84 
64 
40 

758 

Tolal 
Discharge 

(Ci) 
- 
0.001 
0.002 
0.007 
0.152 
0.003 
0.001 
0.001 
0.006 
0.001 
0.001 
0.000 
0.000 

0.17fl 

197 f 145 
166 f 120 
389 f 220 

14000 f 320 
65 f 35 
99f 10 

108 f 13 
2735 f 34 

85 f 10 
64f 6 
46 f 7 
24 f 3 

14000 f 320 

d. Maxlmum sample concentration. 
b. Minor disnepanaes in total discharge value result from rounding errors in the calculations. 

Trltlum. Total tritium discharged in 1989 from ventilation 
systemsin whichtritium isroutinelymeasurtd was0.177Ci 
(6.48 x IO’ Bq) (Table 3.1-4). The maximum tritium concen- 
tration of 14OOO x l O ” p C i l ( 5 . 1 8  x.lW Bq/m’) was ob. 
served during April from routine operations in a plutonium 
production building. Thequantity of tritium rcleasedduring 
this sampling period was 0.071 Ci (2.63 x IO. Bq). Each 
month isdivided intoa seriesofindividualsampling periods. 
The sum of discharge for these sampling periods is the total 
tritium discharge for the month. Tritium values include a 
small. unquantified contribution attributed to natural back- 
ground (Le.. non-plant) .wurc:es. 

Beryllium. Table 3.1-5 presents the beryllium airborne 
effluent data for 1989. Total quantity of beryllium dis- 
charged from ventilationexhaust systems was4.94 g and the 
maximum concentration was O.WIS7 pg/m’ observed in 
July. These values were not significantly above background 
levels associated with the analyses. The beryllium stalion- 
ary-source emission standard is IO g over a 24-hr period. 

The total quantity of beryllium discharged from I989 varies 
from the monthly environmental monitoring reports because 
the annual reporl includes values for all 50exhaust systems. 
whereas the monthly report gave discharges for six exhaust 
systems on buildings where beryllium is processed. Beryl- 
lium discharges are monitored monthly at the remaining 44 
loeati~sbutarronlygiveninmonthlyrepor(siftheyexceed 
a screening level of 0. I g. 

RFP ceased using analytical blanks in laboratory analysis to 
correct sampleberyllium concentrations in September 1989. 
Consequently. reported beryllium values measure both 
background concentrations and actual emission levels. 

Nonradioactive Ambient Air Monitoring 

Overview 

Nonradioactive ambient air monitoring was conducted in 
1989 for total suspended particulates CISP) and respirable 
particulates 10 micrometers [pm]). Ambient air particu- 
lates are regulated by EPA and CDH under Clean Air Act 
Amendments of 1970 and 1977. as defined by the National 
Ambient Air Quality Standards (NAAQS) and Colorado Air 
Quality Control Commission Ambient Air Standards. 
Regulation is based on regional rather than sitespecific air 
quality parameters. Formerly, EPA particulate standards 
(NAAQS) were based on TSP. 8 measure of total particulate 
recovery. regardless of particulate size. The present EPA 
standard. referred to as Particulate Matter-IO or PM-IO, is 
based on respirable particulates. those particles less than or 
equal to IO pm. Final EPA respirable palGculatc standards 
were issued July I .  1987 (US87a). and reference methods 
were issued on October 6 and December 1. 1987. PM-IO 
samplers at RFP were procured to meet EPA design specifi- 
cations. 

- 

Ambient air monitoring at RFP provides baseline infonna- 
tion on particulate levels. Table 3.1-6 identifies sampling 
equipment used for measuring particulates. RFP monitors 
ambient airwith bothTSPand PM-IOsarnplers. Concurrent 
TSP sampling is conducted at the request of CDH until 
changeshavebeenmade instate regulationstorefleclPM-IO 
changes in the federal regulations. TSPand PM-IOsamplers 
areco-IocatcdnearthecastenlrancetoRFP. This location is 
unobscured by sWcNres. near a traffic zone and generally 
downwind from plant buildings. Samplers are operatedon an 
EPA sampling schedule of one day per every sixth day. TSP 
is measured by the EPA reference high-volume air sampling 

IO sampler was 42.5 p p/nl’ (28% of the Primary 24-hr Stan- 
dard) and the annual arithmetic mean was 20.9 pgJm’(42% 
of the Primary Annual Arithmetic Mean). 

As part of an ongoing quality assurance program, particulate 
analyzers were subjected to an independent flow rate check 
on a quarterly basis. Observed flow rates were within f 5% 
ofthestandard flowdeviceand were withinestablishedEPA 
guidelines for ambient air particulate monitoring networks 
(i 15%). 

method. Radioactive Ambient Air Monitoring 

Results Overview 

p&cul&c &la inTable 3.1-7, and cumnt ( p ~ .  
10) and forma Wp N U Q S )  standads are given in A,,. 
Fndix D nab le  D-2). HighestTsp value recorded in 1989 
(24-hsample) was gopgJm3 (314b0fthc fomerTsp24-hr 
p”maryst&),and the annual mean value ws 
53.5 p g & ’ ~ l %  of former TSP primary annual geometric 
masmdard). ~ o & ~ c d 2 4 . ~ m a ~ i m u m  forthe PM- 

Radioactive ambient air samplers monitor airborne disper- 
sion of radioactive materials from RFP into the surrounding 
environment. Samplersaredesignated in threecategories by 
their proximity to the main facilities area. Onsite samplers 
(23) arc located within RFP, concentrated near the main 
facilities area (Figure 3). Perimeter samplers (14) border 
RFPalongmajorhighwaysonthenorth(Highway 128),east 

TABLE 3.1-5 
Beryllium in Effluent Air at the Rocky Flats Plant in 1989 

Beryllium 

Number Tolal 
of Dischargg ‘maxd 

Month Analyses (9) (vg/m31 

January 
February 
March 
April 

June 

August 
September 
October 
November 
December 

May 

Juhl 

55 0.154 
55 -0.221 
55 0.020 
55 0.021 
55 0.125 
55 0.371 
55 1.178 
55 1.073 
56 0.433 
55 0.599 
55 0.635 
56 0.548 

0.00038 
0.00014 
o.ooot9 
0.00017 
0.00043 
0.00029 
0.001 57 
0.00100 
0.001 10 
0.00080 
0.00071 
0.00064 

4.940 0.00157 Overall 662 

3. 

X 
:. 
i Maximum sample concentration. 

The beryllium stationary-source emission-standard is no more than 10 grams 01 beryllium over a 24-hour period 
Under the pmvisions of subpart C of 40 CFR 61.32(a). 
6eginning in June, concentrations and emission values were not corrected for background contribution. 
These values are not significantly different from the background associated with the analysis. 

26 27 
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TABLE 3.1-6 
Ambient Air Monitoring Detection Methods 

Parameter 
PM-10 
(Particulate Matter 
less than 10 
micromelem 
in diameter.) 

Total Suspended 
Particulates (TSP) 

Detection Methods and 
Analyzer RanQes 

Wedding PM-10 Sampler 

Reference Method (Hi Volume) 
24-Hour sampling 
(6thday scheduling) 

TABLE 3.1-7 
Ambient Air Quality Data for Nonradioactive Particulates a! the Rocky Flats Plant in 1989 

m n d e d  Particulates 

Total Number of Samples, "A- 
Total Number of Samples, 'E4 

62.0 
61 .O 

Annual Geometric Mean, Sampler 'A' 53.5 , 
Annual Geometric Mean, Sampler '8' 51.7 

Standard Deviation. Sampler 'A' 
Standard Deviation. Sampler 'B' 

Observed 24-Hour Maximum, 'A' 
Observed 24-Hour Maximum, 'B' 

Second Highest Maximum, .K 
Second Highest Maximum, 'B' 

Lowest Observed Value, 'A' 
Lowest Observed Value, '8' 

ResDirable Particulates (PM-101 

Total Number of Samples, 'C" 
Total Number of Samples, "Dd 

Annual Arilhmetic Mean, 'c' 
Annual Arilhmetic Mean, 'D' 

Observed 24-Hour Maximum, 'C' 
Obsewed 24-Hour Maximum, 'D' 

Second Highest Maximum, 'c' 
Second Highest Maximum, 'D' 

17.9 
22.1 

78.9 
80.1 

70.2 
74.9 

16.5 
12.2 

m3 

60.0 
59.0 

20.9 
18.5 

42.5 
40.9 

40.2 
39.5 

a. Primary ambient air TSP paniculate sampler; reponing unit. 
b. C o - b l e d  duplicate TSP sampler. 
c. Primary ambient air PM-IO sampler. 
d. Co-located duplicate PM-IO sampler. 
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Figure 3 
k u r i o n  ofOnsirc und Pcrimcrcr Ambient Air Sumplcrs or Ihc Racky Flnrs Plnnr in I989 

(lndiana Sect). south (Highwny72) and west (Highwoy 93) 
(Figure 3). Community samplers (14) nre located in metro- 
politan am.- adjacent to RFP (Figure 4). Samplers operate 
continuwsly at a volumetric flow rate of approximately 12 
liters per second (Vs) (25 cubic fa t  per minute Ifl'/minl). 
collecting air paniculates on 20 x 2S-cm (8 x IO-in) fiberglass 
filters. Manufacturer's test specifications rate this filter 
mcdiatobc99.97%cfftcientforrclcvant~~iclesircsunder 
conditions rypically encountered in routine ambient air 
sampling (SCs2). 

Filters were collccled biweekly from onsite samplers and 
andyzed for mlal long-lived alpha activity. I f  results ex- 
ceeded the RFPguide of I O  x 10" pCi/ml(3.7 x IO. E+'). 
spc i f i c  plutonium analysis was performed. No values ex- 
ccedcdthe RFPguide in 1989. Routinc pllitf~lium annlyses 
Were performed biweekly foi 6,. uiisite .s.n.i4ers t h ~ t  his- 
torically have shown highest lutal Iong-livd .:lpha nclivity. 
h i i n g  January 1990. all onsite ambient uir u;ii~ples were 
analyzed monthly for plutonium-23Y and -240. Fitters from 
primetcr and community samplers nre collected biweekly. 
Composiltd by location and analyzed monthly for plutonium. 

2Y 

.I.. , I -  . \  I I 

t 

1 " . -..I I 

Figure 4 
Lorarion ofAmbicnr Air Suniplrrr in Communirirs Ncor rhc 

R a k y  Flurx Plvnr in 1989 
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TABLE 3.1 -a 
Plutonium Concentrations for Onsite Ambient Air Samplers at the Rocky Flats Plant in 1989“ 

Standard Percent 
Number of Concentration (XI 015 pCi/ml)b,c Deviation of DCGd 

m - min c max C W  (Cad) ( C m )  

5-5 23 0.022 0.307 0.079 0.080 0.394 
S-6 26 0.017 2.610 0.450 0.727 2.249 
s-7 26 0.030 1.119 0.328 0.291 1.638 
S-8 25 0.031 1.21 1 0.456 0.389 2.282 

Overall 126 0.017 2.610 0.367 0.450 1.837 

s-9 26 0.058 1.602 0.500 0.420 2.499 

a. Air-sampling stations S-5. S-6. S-7. S-8 and S-9 are located in areas where the potential lor elevated airbane 
radmactrdy Is greatest (see Figure 3). 

b. Concentration~raflecl monthly composites of biweekly statiy concentrations. 
concenlralion: max.maximum composited concentration; mean=mean cumposited concentration. 

c. To obtain the proper concentration. multipqjhe numbers listed in the table by 1 x 1015 pCi/ml. For example, the 
mean concentration at S-5 was 0.079 x 10 

d. The interim standard qp la ted  Derived Concentration Guide (DCG) for inhalation of class W plutonium by members 
01 the public is 20 x 1 0  p m l  Appendix 0). Protection standards for members of the public are applicable lor 
offsite locations. All locations in 61s table are on Rocky Flats Plant Property. DCGs for the public are presented here 

mi?-minimum composited 

pCi/ml. 

for comparison purposes only. 

TABLE 3.1-9 
Plutonium Concentrations for Rocky Flats Plant Perimeter Ambient Air Samplers in 1989 

Standard Percent 
Number of Concentration ( x 1 0 . l ~  pCi/ml)’.b Deviation 01 DCG’ 

&jgr~ SamDles - rnin Cmax - ‘mean - (CAd) (Cmean) 

S-31 
S-32 
s-33 
S-34 
5-35 
5-36 
s-37 
s-38 
s-39 
5-40 
S-41 
5-42 
s-43 
S-44 

12 
9 

12 
12 
12 
11 
12 
12 
12 
10 
10 
12 
12 
12 

-0.001 
0.000 

-0.001 
-0.000 
-0.001 
0.000 
0.000 
0.000 
-0.001 
0.000 
0.000 
-0.000 
-0.001 
-0.001 

0.004 
0.004 
0.001 
0.009 
0.002 
0.008 
0.006 
0.005 
0.006 
0.002 
0.008 
0.003 
0.002 
0.005 

0.001’ 
0.001 
0.000 
0.002 
0.001 
0.002 
0.003 
0.002 
0.001 
0.001 
0.002 
0.001 
0.000 
0.001 

0.001 
0.001 
0.001 
0.003 
0.001 
0.002 
0.002 
0.001 
0.002 
0.001 
0.003 
0.001 
0.001 
0.002 

0.005 
0.005 
0.001 
0.009 
0.004 
0.009 
0.015 
0.009 
0.005 
0.004 
0.01 1 
0.004 
0.002 
0.004 . 

-0.001 0.009 0.001 0.002 0.006 

8. pncentralions reflect monthly composites of filters by station locations. min=minimum composited concentration; 

b. To obtain the proper concentration. multiply the numbers listed in the table by x 1015 pCYml. For example, the mean 
concentration at S-31 was 0.001 x 

E. The interim standard calculated Derived Concentration Guide (DCG) for inhalation of class W plutonium by members 

max=maximum composited concentration; meandman composited concentration. 

pCi/rnl. 
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Results 

plutonium concentrations for onsite. perimeter and com- 
munity samplers arc given in Tables 3 .14 .  9 and IO, re. 
spectively. Overall mean plutonium concentration foronsite 
samplcrswvssO.367x IO”pCi/m1(1.36~ 10JBg/m’). 1.8% 
of the offsite DCG for plutonium in air (Appendix D, Table 

D-3). Overall mean plutonium concentrations for perimeter 
andcommunitysamplen wcreeach 0.001 x lU”pCiml(3.7 
x IO’ Bq/m’). These values were less than 0.006% of offsite 
DCG forperimeterandcommunity samplen. Differencesin 
percent of DCG resulted from rounding values in raw data. 

TABLE 3.1-10 
Plutonium Concentrations for Communi@ Ambient Air Samplers in 1989 

Number of Concentration ( X ~ O ’ ~  pCiml)a.b 
SamDlea c~ Crnax . Cmean - SwiQfl 

5-51 Marshall 
S-52 Jeffco Airport 
5-53 Superior 
S-54 Boulder 
S-55 Lafayetfe 
S-56 Broomfield 
S-57 Walnut Creek 
S-58 Wagner 
S-59 Leyden 
S-60 Westminster 
S-61 Denver 
S-62 Golden 
S-68 Lakeview Pointe 
5 7 3  Coton Creek 

12 
12 
9 

11 
12 
10 
12 
10 
12 
11 
11 
12 
12 
10 

-0.001 
0.000 
4.000 
0.000 
0.000 
0.000 

-0.003 
-0.001 
0.000 

-0.001 
-0.001 
4.001 
0.000 

-0.001 

0.002 
0.025 
0.007 
0.003 
0.004 
0.003 
0.003 
0.003 
0.003 
0.004 
0.004 
0.003 
0.004 
0.002 

0.001 
0.003 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.000 

Overall . 156 -0.003 0.025 0.001 

Standard 
Deviation 

C“a!d) 

0.001 
0.007 
0.002 
0.001 
0.001 
0.001 
0.002 
0.001 
0.001 
0.002 
0.002 
0.001 
0.001 
0.001 

0.002 

Percent 
of DCGc 
( C m )  

0.004 
0.015 
0.005 
0.005 
0.003 
0.005 
0.003 
0.006 
0.006 
0.005 
0.005 
0.004 
0.006 
0.002 

0.005 

a Concentrations reflect monthly composites of filters by station locations. min=minimum composited concentration; 
max-maximum cornposited concentration; mean=rnean cornposited concentration. 

b. To obtain the proper concentration. multiply the numbers listed In the table by 1 x pCiml. For example, the 
mean concentration at Marshall was 0.001 x 1015 pcilml. 

C. The Inlarim standard Calculated offsite Derived Concentration Guide (DCG) for inhalation of class W plutonium by 
members of the publk Is 20 x 1015pCi4nl (Appendix 0). Differences in percent of DCG for the same reported mean 
C o n C a ~ ~ l l ~  are the result of rounding differences utilizina raw data. 
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SURFACE WATER 
MONITORING 

L. A. DUNSTAN 
! 

Rocky Flats Plant Surface Water 
Monitoring 

Overview 

surface water management at RFP focuses on three drainage 
systems that w i v e  runoff from the main facilities area. 
Each drainage contnins canhen impoundments that restrict 
offsite discharges dlowing water testing and. if ncccswry. 
treatment to meet quality smdards. 

North Walnut Creek. Nolth WalnutCreckrcccivcssurfacc 
water runoff from the nonh side of the main facilities area 

(Figum 5). Ponds A-I and A-2 are isolated from N o h  
Walnut C r a k  by vdves that diven runoff via a surface 
pipelincintoPond A-3. Inthcpassl.thewponds were used for 
storage and evaporation of laundry water. This practice wils 
discontinued in 1980. Ponds A-l and A-2 currently m 
maincainedtocontrol possiblcchemical spills intotheNorth 
Walnut C r a k  drainage basin. Runoff into these ponds is 
disposed of lhrough natural evaporation and enhanced by 
spraying water through fog noulcs over the surface of the 
ponds. Excess water that does not evaporate is re-collected 
by Ihc ponds. Holding Pond A-3 on Nonh Walnut Creek is 
uscd to impound surface runoff for analysis prior to dis. 
charge. PondA4islocatcd filnhcrdownstrenmandprovides 
sccondq monitoring and control during normal flow and 
nood conditions. 

South Walnut Creek. South Walnut Creek rcccivessurfnce 
water runoff from the ccntrul ponion of the main facilitiei 
area (Figure 5). This water is divencd past Ponds B-I. 8-2 
and 8-3 via a culven system to Pond B-4 and then to flm 
control Pond 8-5 where the water is impounded for analysir 
prior to controlled offsite discharge. Pond 8-5 dischsrge! 
into South Walnut C m k .  Pond B-4 is il flow-though p n r  
with nooperatiol:iJ h 4 1 : .  ~ ; “ . q * . x .  il:, 

P o d s  B-I ar.1 ;. ~ .!.e .mtral drainage. arc 
rrwrved as b l u p  ccntrol ponds. ‘l’hew ponds Pan bc used 
Io retain chemical spills. surface water runoff. or treatec 
mnianirary waste water. 

Prior to 1979. treated sanitary waste water was discharged 
offsite through holding Ponds B-l through 8-4. From 1979 
through 1989. this water was routed directly to Pond 8-3 
where it was heldandthenspray irrigatedontothe RFPbuffer 
zollc m a s  as weather permitted. Pond B-5 serves as over- 
flow capacity for Pond B-3 in the event of excess surface 
runoff or inability to spray irrigate. 

Wuman Creek. Woman Creek flows across the south side 
of RFP through the south drainage basin (Figure 5) .  l h i s  
creek flows through surface water monitoring Pond C- I and 
then, alter bypassing Pond C-2. dixhargcs offsite. Surface 
runoff from the south side of the RFP nimufacturing mas is 
collected in M interceptor ditch. The interceptor ditch also 
collects runoff from a spray irrigation field. Flow from this 
ditch is routed to surface water control Pond C-2. where the 
water is impounded and analyzed before discharge. 

Prior to discharge from Ponds A-4. 6-5. and c-2. water is 
split-sampled with CDH and analyzed at independent FPA 
registered labs. Discharges are monitored for pwamctcrs 
listed in Appendu D (Table D-4) in compliance with EPA 
National P o l l u t ~ t  Discharge Elimination System (NPDES) 
permit limitations. In addition. water quality must meet 
tempomy standards adopted on July IO. IY89. by the C o b  
rndo Water Quality Control Commission prior to release. 
These standards are listed in Appendix D (Tables D-Sa 
lhrough D-5c). In 1989. a new protocol was developed for 
dischxgcsfrom PondsA-4. B-5.MdC-2. s m p l e s m  laLen 
and split for analysis by CDII and EG&G Rocky Flats. Inc. 
Water is not released until CDH has assessed the results of 
analytical sampling. 

Multiple samples were taken ofdischarges from Ponds A-4. 
B-5. and C-Zduhg  2J -h rmplc  periods andcornposited for 
weekly analysis of plutonium. uranium. and americium. 
Waklyanalysisoftritium,pH. nitrate (as nitrogcn).andnon- 
volatile suspended solids were done also. Discharges from 
Pond C-l and flow from Walnut Creek near its intCrseCliOn 
with Indiana Street were wnipled in nsimilarmanner. Daily 
samples from Pond c- I and Walnut Creek were analyzed for 
tritium and then cornposited into weekly samples for plUt0- 
nium. uranium. and umcricium analysis. 

L 
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Figure 5 
Holding P o d s  a d  Liquid €&Turnr Warrr Courscs ai rhc RocAy Fluls Pian1 

Results 

Nonradlologlcal Monitoring. Annual average concentra- 
tions of chemical and biological constituents measured in 
surface water cfflucnt samples collected from Ponds A-3. A- 
4, 6-3. 6-5. and C-2 are presented in Table 3.2-1. These 
concentrations arc indicative ofthe overall qualityofeffluent 
discharges. Certain discharges must meet NPDES permit 
monitoring and compliance limitations described in Appen- 
dix D(7abIeD4). There werenoexceedancesofcheNPDES 
permit in 1989 

Waste liquids containing PCBs and low levels of radioactiv- 
ity am stored in approved storage facilities at RFP. These 
wastes were generated during a transformer cleanup and 
removal program that was completed during 1989 (Section 
2.0, Tompliancc Summary"). Monitoring for PCBs in 
downstream watersduring 1989 showed noconcentrations in 

. excess of the laboratory minimum analytical detection limit 
of approximately 1 ppb. 

Monitoring conducted in compliancc with temporary stan- 
dards adopled by CDH detected trace quantities of Atrazine 
and Simazine in Ponds A-4.B-5 and C-2. These herbicides 
were introduced through a vegetation control program at 
RFP. Use of boch herbicides was discontinued in August 
1989. Although nodrinking water standards for these herbi- 
cides had bcen finalized. RFP clcctcd to carbon filter the 
affecled waters to remove Atrazine and Simazine residue 
before discharge. Further discussion of residue treatment is 
contained in Section 2.0. "Compliance Summary." 
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Radiological Monltorlng. Concentrations of plutonium. 
uranium. americium. and tritium in water samples from the 
outfallsofPondsA-4. B-S,C-I.C-2,andfrom Walnut Creek 
nt Indiana Sueet arc presented in Tables 3.2-2 and 3.2-3. 
Mean plutonium. uranium. americium, and tritium concen- 
trations at all sample locations were less lhan 1.28% of 
applicable DCGs (Appendix D. Table D-3). 

The annual cumulative total amount of plutonium. uranium. 
and americium diwhargcd to offsite waters during the year 
was calculated using cachindividualdischargeconccnbation 
and flow measurement. During 1989. cumulative discharge 
amounts were: 

- A 4  - 6-5 9 

PU - Cl (Bq) 

7.77 x io' 4.3gX 104 1.12 x 104 

(2.87 x Io') (1.62 x Id (4.14 x IO') 

U - CI (Bq) 

6.51 x IO4 ' 3.47~ IO4 3.93 x 104 

(2.41 x IO') (I.28x IO') (1.45 x IO6) 
Am - Ci (Bq) 

5.92 x lo' 1.77 104 2 . 1 6 ~  lo' 
( 2 . 1 9 ~  Id) (6.55 x Id) (7.99 x Id) 
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TABLE 3.2-1 
Annual Average Concentrations of Chemic41 and Biological Constituents in Surface Water 

Effluents' at the Rocky F h f s  Phnt  in 1989 ' 

Number of 

!#shman= 
pH, standard units 
Nitrate as N. m@ 
Total Suspended Solids. @ 
Total Residual Chlorine, m@ 
Total Chromium. m&vl 
Total Phosphocus. m@ 
Fecal Coliform, #/tW ml 
Bmhemical Oxygen Demand 

(BOD,), mgil 

6.4 
7.14 
0 
0.05 
0.01 1 

7EO/tM)ml 0.50 

2.64 

Lsstmmzc 
pH. standard units 
Nitrate as N. mg/l 

13 7.0 7.9 WA 
13 2.30 4.29 3.29 

iadluwm= 
During 1989, there were no discharges from the Reverse Osmosls Pilot Plant. 

lwwlaOMc 
During 1969. there were no discharges from the Reverse Osmosis Plant. 

ischsmbM)5= 
pH. standard units 56 7.0 8.2 N/A 
Nitrate as N. mgil 56 0.18 7.80 1.90 

suspended solids. @ 56 0 4 0.61 
Nonvolatile 

pH. standard units 82 6.0 8.3 N/A 
Nitrate as N. IT@ 
NOWOhtile 

82 <0.02 2.57 0.93 

suspended SolMs. mgn 79 0 2-36 6 

i asbmmr 
pH. standard units 18 7.0 7.9 WA 
Nitrate 85 N, mg4 18 c€10.02 1 .a 4 . 4 9  
N o M f i &  
suspended solids. @ 18 0 26 6 

NPDES permit limhtions are presented In Appendix D. 
Cminimum I minimum measured concentration; C maximum - maximum measured concentration: C mean I mean 
measuredconcentration. 
The Environmental Protection Agency NPDES discharge permit defines the discharge locations as follows: 

003 - Reverse Osmosis Pilot Plant 
M)4 ~ Reverse Osmosis Plant 

001 -Pond E 3  
OM - Pond A-3 

005 - Pond A 4  
006-PwdE5 
007 - Pond c -2  
Mintmum and maximum not reported because there was only one day ol flow and one data set. 
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Tritiumconcentratiom in water discharged from thew ponds 
werewithinrangeofbackgroundconccnrrations. Ihcrefore. 
cumulative discharge amounts were not calculated. 

During 1989. RFP raw watcr supply was obtained from 
Ralslon Rescrvoir and from the South Boulder Diversion 
Canal. R a l W  RCXNOU water usually contains more mtu- 
ral uranium radionctivity lhan the water flowing from lhe 
South Boulder Diversion Canal. During the year. uranium 
analyses were pcrfomcd monthly on samples of RFP raw 
watcr. Concenvatiomarcprrse~tcdinTabb3.2-4. Average 
uranium conantration war, 0.99 x IO'pCiml(O.04 Bq/l) or 
0.001 &mI. Plutonium. americium. and tritium analysis 
ruulls m also presented in this table. The nveragc conan- 
lntlions for these parameters were 0.007 x I@'pCi/ml(2.59 
x l(rBq/l),0.000x I@*pci/ml(O.OO Bq/l). and 30 x l@'pCd 
ml (1.1 I eq/l). ~spcctivcly. These values can be used for 
compmisw with the values measured in the RFF' down- 
stream di~~harge locations (Tables 3.2-2 and 3.2-3). 

Community Water Monitoring 

Overview 

Communiry walcr includes sampling ylaly- 
sis of public supplies and lap from wvenl 
surrounding communities, Only Crcal 

of for Fily of Broomfield, 

Wcslminstcr.Thornton and Nonhglcnn. receive runoff from 
standley Reservoir' a Water lor Ihc Of 
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TABLE 3.2-2 
Plutonium, Uranium, and Americium Concentrations in Surface Water Effluents at fhe 

Rocky Flals Plant in 1989 

~~ 

RFF'drainagesystcms. The city of Federal Heights purchases 
a portion of their watcr supply from the city of Westminster. 
WaWy samples wcrecollectcd andcoinposited intoamonlhly 
sample. and analyses were performed for plutonium. urn- 
nium. andamericiumconcentrations. Trilium and nimte (as 
N) analyses were conducted on weekly grab simples. 

Also. annual background samples were collected from thm 
regional rcscrvok Ralston. Dilion and Boulder and from 
SouthBoulderDivcnion~atdislvlcesrang~gfrom 1.610 
96 km ( I  lo 60 mi) fim RFP. Smplcs were collected lo 
delcrminc background levels for plutonium. uranium. M- 
cium. and tritium in water. 

Drinking water from Boulder. Broomfield. and Westminster 
was collected weekly. compsited monthly and analyzed for 
plutonium. uranium. and nniericium. Analyses for tritium 
were performed weekly. Quarterly lap water samples were 
collected from the communiticsof Arvada. Dcnvcr.Gotdcn. 
Lnfayclte. Louisville, and Thornton. Thew samples were 
annlyzcd for plutonium. uranium. americium. and tritium. 

Results 

Analyses of regional reservoir and drinking water samples 
arc given in Tables 3.2-5 and 3.2-6. Plutonium. uranium. 
amcricium,andtritiumconccntnlionsforregional resehOirS 
represented 0.55% or lens of the X G .  Average plutonium 
concentration in Great Western Reservoir was 0.006 x I O '  
p C h I ( 2 . 2 2 ~  1O48q/l)(0.20%XG). which waswithinhe 
rlngc ofconccn~ru~ions for Great Westem Rcsr. 

Pond A-4 
Pond 8-5 
Pond c -1  
Pond c-2 
Walnut Creek 
at Indiana Street 

Pond A-4 
Pond 8-5 
Pond c-1 
Pond c-2 
Walnut Creek 
a1 Indiana Street 

17 
18 
37 
4 

25 

17 
18 
37 
4 

25 

Pond A-4 17 
Pond 0-5 18 
Pond c-1 37 
Pond c-2 4 
Walnut Creek 
a1 Indiana Street 25 

Plutonlum Concentration (x 104 pCUml)b 

-0.017f 0.027 0 . 0 5 3 ~  0.046 0.008+ 0.016 
-0.018 f 0.027 0.354 f 0.082 0.003 2 0.010 
-0.021 f 0.030 0.070 f 0.040 0.01 1 f 0.006 
-0.007 f 0.028 0.046 f 0.037 0.019 f 0.018 

-0.015 i 0.028 0.087 f 0.032 0.019 2 0.005 

Uranium Concentrailon (x 101pCUmlr 

4.48 2 0.31 8.78 f 0.48 6.41 i 0.12 
0.44 i 0.17 5.18 2 0.36 2.58 2 0.07 
0.20 i 0.17' 5.00 & 0.42 1.55 0.32 
1.08 0.14 2.78 f 0.25 1.54 f 0.09 

1.55 i 0.16 8.82 f 0.50 4.62 2 0.08 

Amerlclum Concentrallon (x 101 pCUml)d 

-0.026 f 0.030 0.109 i 0.037 0.006 2 0.008 
-0.020 f 0.027 0.064 f 0.035 0.013 2 0.008 
-0.003 2 0.024 0.075 f 0.014 0.009 0.006 
-0.009 f 0.024 0.044 f 0.034 0.003 f 0.016 

-0.021 f 0.027 0.121 i 0.038 0.012+ 0.004 

0.03 
0.01 
0.04 
0.06 

0.06 

1.28 
0.52 
0.31 
0.31 

0.92 

0.02 
0.04 
0.03 
0.01 

0.04 

i. minimum= minimum measured concenlration; maximum = maximum measured concentration. For 
Pond C-1. mean refers lo calculated mean concentration, Due lo inlermittenl (low meter operations at 
Pond C-1 during 1989, a volume weighted average was no1 possible lo calculate. For Ponds A-4, 8-5, C-2 
end flow ai Walnut Creek at Indiana Street? mean refers to volume weighted averages. 

). Radiochemically determined as plutonium-239 and -240. The interim standard calculated Derived 
Concentration Guide (DCG) for plutonium in water available to members of Ihe public is 30 X 10' pCiml 
(Appendix D). 

:. Radiochemically determined as uranium-233, -234, and -238. The interim standard calculated DCG lor 
uranium in water available to members 01 the public is 500 X l o s  pCi/ml (Appendix D). 

1. Radiochemically determined as americium-241. The interim standard calculated DCG lor americium in 
water available to members of the public is 30 X 10 e pCilml (Appendix D). 

I. Calculated as 1.96 standard deviatons of the mean. 
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TABLE 3.2-3 
Tritium Concentrations in Surface Wafer Efluents af the Rocky Flats Plant in 1989 

Tritium Concentration (x l o 9  pCi/rnl)b Percent of . Number 01 
l&!ai!a ' Anatvseg C pinimuma. c C paximutqa. c C m a .  d ( C m )  

Pond A-4 55 -20 2 50 0.000 
Pond 8-5 75 -590 f 500 210 2 330 -50 i 40 0.000 
Pond c-I 37 -440 320 400 f 390 30 50 0.002 ' 

Walnut Creek 
at Indiana Street 75 -440 420 500+510 O f 6 0  0.000 

-470 2 400 140 f 110. 

Pond c-2 19 -390 i 400 260 f 420 10 60 0.0005 

I a. c minimum I minimum measured concentration: 

a volume weigh ed average was not possible to calculate. For Ponds A-4.B-5. C-2 and llow at Walnut Creek at 
Indiana Slreet. A mean relers to volume weighted averages. 
The interim standard calculated Derived Concentration Guide (DCG) for tritium in water available to the members 01 
the public is 2,000,000 x l o 9  mCiiml (Appendix D). 
Celarlaled as 1.96 standard deviations 01 Ma individual measurement. 
Ca!alated as 1.96 standard deviations 01 lhe mean. 

maximum I maximum measured concentration. For Pond C-1. 
mean relen to calculated mean concentration. Due to intermillant llow mater operations at Pond C-1 during 1989. 

b. 

e. 
d. 

37 

4 

I 
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Trltium Concentratlon (n lo *  pCi/ml)' 

0.002 I Rocky Flats 
Raw Water 12 -290 f 290 200 2440 30 f 90 

a. minimum=minimum measured concentration; Cmaximum-maximum measured concentration; mean-mean 
calculatedconcentration. 

b. Radiochemically determined as plutonium239 and -240. The interim standard calculated Derived Cbncentration Guide 
(DcG) for plutonium in water available to members of the public is 3 0 ~ 1 0 ' ~  pCUml (Appendix D). 

c. Radiochemically determined as uranium-233, -234 and -238. The inlerim standard calculated DCG for uranium in watei 
available lo members of the public is 5 0 0 ~ 1 0 ~  pCilml (Appendix 0). 

d. Radiochemically determined as americium-241 , The interim standard cakulaled DCG for americlum in water available 
lo members of Ihe public is 3Ox1O0 pcilmi (Appendix 0). 

e. The interim standard calculated DCG for tritium in water available to members of the public is 2.000.000x10'0 pcilml 
(Appendix 0). 

1. Source of Raw Water: Ralston Reservoir and South Boulder Diversion Canal. 
8. . Calculated as 1 .% standard deviations 01 ihe individual measurement. 

voir in the 'Rocky Flats Plant Site Environmental Impact 
Statement" (US8Oa). based on known low-level plutonium 
concentrations in reservoir sediments. 

Resul~s of plutonium. uranium, americium. and tritium 
analyssfordrinking waterinnkiccommunitieswerr0.31W 
or lessof theapplicableDCG. Drinking water standards have 
been adopted by the State of Colorado (C077. COSI) and 
EPA (US76a) for alpha-emitting mdionuclidcs (I5 a I O p  
pCiml[5,55x lU'Bq/l]) andfortritium (20,ooOx IB'pCil 
ml(7.4 x I @  Bq/lJ). These standards exclude uranium and 

b. Calculated BS 1.96 standard deviations of the mean. I 

radon. During 1989. the sum of the average concentrations 
of plutonium'and americium (alpha-emittkig radionuclides) 
foreachcommunitytapwaterlocation was0.024~ 10ppCU 
ml(8.88 x IU'Bq/l)orlcss. This value wav0.16% oflhe State 
of Colorado and EPA drinking water standards for alpha 
activity. Average tritium concentration in Great Western 
Reservoir. Standley Lake. and in a l l  community tap water 
samplcswas 13Ox lU'pCiml(4.8l Bq/l)orlcss. Thatvalue 
was typical of background tritium concentrations in cob 
radoand islcssthanO.019bofthcStateofColoradoandEPA 
drinkiig water standard for tritium (CO81 .US76a). 

TABLE 3.2-4 
Plutonium, Uranium, Americium, and Tririum Concenlralions in the 

Rocky Flats Plant Raw Water Suppry in I989 

I Number of Percent of 
Location Analyses' minimurn"g maximum-0 mean- DCG (" mean) 

- _ _ _  l- 
I PIutonIum Concentration (x IO* pci/ml)b 

Rocky Flats 
Raw Water 12 -0.0212 0.030 0.065 2 0.034 0.007i 0.013 0.023 
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TABLE 3.2-5 
Americium and Tritium Concentrations in Public Water Supplies Near the 

Rocky Flats Plant in 1989 

Number of 
DCG Location Analyses maximumae 

- -- 
R.rrvdr 

Boulder 1 -0.003* 0.029 -0.003f 0.029 -0.003f 0.029 .o.ooo 
Oilbn 1 -0.012f 0.0% -0.012* 0.028 -0.012i 0.029 0.000 

Americium Cencentratlon (I IO* pci/mlf 

Great Western 12 -0.003f 0.006 0.025~ 0.012 0.0052 0.005 0.017 
Ramton 1 0 . 0 2 3 ~  0.032 0.023 2 0.032 0 . 0 2 3 ~  0.032 0.076 
South Boulder 

-0.019& 0.027 -0.019f 0.027 -0.0192 0.027 0.OOO 
-0.005i 0.008 0.026i 0.W 0.0052 0.005 0.017 

hlnklng Water 
ANBda 4 4.Wf 0.032 0.041 f 0.031 0.021 f 0.018 0.070 
Boulder 12 -0.0132 0.031 0 .015~ 0.029 0.0032 0.004 0.010 
Broomld 12 4.010i  0.031 0.021 2 0.007 0.003~ 0.004 0.010 
Denver 4 -0.011 f 0.024 0.053 f 0.037 0 .024~  0.033 0.080 
Odden 4 -0 .025~ 0.031 0 .039~  0.030 O . W &  0.028 0.013 
Ldayene 4 -0.017f 0.029 0.0262 0.028 0 . 0 0 8 ~  0.019 0.026 
Loulsviile 4 -0.0132 0.025 0.0332 0.034 0.0072 0.020 0.023 
Thornton 4 -0.015 2 0.m 0.016 2 0.028 0.0042 0.013 0.013 
Westminster 12 -0.0052 0.007 0.0662 0.031 0 .006~  0.011 0.020 

Rnuvoh Tritium Concenhstlon (x 10~g)ICl/ml)o 

Bwlder 
wbn 
Great Westem 
w o n  

hfnkhg watw 
AN.ada 
Boulder 
Bmomfleld 
Denver 
Golden 

Louisville 
Thorntan 
westminster 

a 
calarlated concentration. 

b. Radbchemically determined a!i amenclum-241. The Interim standard calculated Derived Concentralion Guide (DCG) 
for americium in water available to members of Ihe public is 30 x lVo p C h i  (Appendix 0. Table 0-3). 

minimum - minimum measured concentration: maximum - maximum measured concentration; 'mean - mean 
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TABLE 3.2-6 
Plutonium and Uranium Concentrations in Public Water Supplies Near the 

Rocky Flats Plant'in 1989 

Location 
- 
Rwowolr 

Boulder 
Dilbn 
Great Western 
Ralston 
South Bwlder 
Diersbn Canal 

standlay 

Drinklng W a t u  
Arvada 
Boulder 
Broomfield 
Denver 
Golden 
Lafayetla 
LOUlSViUe 
Thwnton 
Westminster 

R.urvolr 

Boulder 
D i h  
Greal Westem 
Ratston 
South Boulder 
Oiversbn Canal 

s- 
DrlnYng wat# 
kN& 
Boulder 
BmomReld 
Denver 
Golden 
LatayeUe 
LOUi6viIla 
Thornton 
WeSbninster 

Number of 
Analyses 

Percent of 
DCG ('mean] 

1 
1 

12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 

12 

1 
1 

12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 

12 

Plutonium concentration (I lo4 pCl/ml)b 

0.000 f 0.031 0.000 f 0.031 0.000 f 0.031 
-0.007 f 0.029 -0.007 f 0.029 -0.007 f 0.029 
-0.003 f 0.006 0.061 f 0.038 0.006 f 0.010 
0.002 f 0.030 0.002 $0.030 0.002 f 0.030 

0.053 f 0.039 0.053 f 0.039 0.053 f 0.039 
-0.009 f 0.029 0.004 f 0.007 0.000 f 0.002 

-0.017 f 0.030 

-0.009 f 0.028 
-0.DOBt 0.028 
-0.018 f 0.030 
-0.012 f 0.028 
-0.018: 0.034 
-0.003 f 0.031 

-0.004 f 0.007 

-0.016 f 0.027 

0.031 f 0.033 
0.009 f 0.008 
0.006 f 0.013 
0.002 f 0.036 
0.007 f 0.031 
0.004 f 0.034 
0.002 f 0.033 
0.008 f 0.031 
0.008 f 0.008 

0.003 f 0.020 
0.001 fO.002 

-0.005 f 0.005 
-0.001 20.012 
0.000 f 0.008 

-0.008 f 0.009 

0.000 f 0.003 

0.000 f 0.003 

0.002 f 0.005 

Uranium Concentration (I loepcumt)* 

-0.08 f 0.06 -0.08 20.06 -0.08 f 0.06 
0.65 f 0.09 0.65 + O B 9  0.65 i 0.09 
0.88 0.14 2.03 iO.23 1.37 0.23 
2.75 f 0.16 2.75 t0 .18  2.75 f 0.16 

0.25 f 0.07 0.25 20.07 0.25 f 0.07 
1.05 f 0.15 3.44 20.20 1.72 f 0.34 

-0.08 f 0.08 
-0.10 i 0.06 
0.32 t 0.11 
0.13 f 0.11 
0.14 f 0.10 
-0.06 t 0.08 
-0.02 f 0.07 

0.26 iO.11 
0.89 f 0.09 

0.67 20.12 0.43 f 0.33 
0.75 20.18 0.26 f 0.17 
1.58 fO.20 0.93 f 0.25 
0.89 f O . 1 8  0.72 f 0.64 
1.66 f 0.20 0.80 f 0.62 
0.24 ~ 0 . 1 6  0.10 f 0.12 
0.19 fO.11 0.09 f 0.10 
2.45 20.28 1.54 f 0.64 
1.32 f0.11 0.72 f 0.20 

0.000 
0.000 
0.020 
0.006 

0.177 
0.000 

0.010 
0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.006 
0.000 

0.00 
0.13 
0.27 
0.55 

0.05 
0.34 

0.09 
0.05 
0.19 
0.14 
0.16 
0.02 
0.02 
0.31 
0.14 

B. C minimum - minimum measured cancentration; ' maximum - maximum measured concentration; 'mean = mean 
calculated concentration. 

b. Radiochemically determined as plutonium-239 and -240. The calculated Derived Concentration Guide (DCG) for 
plutonium In water available lo members 01 the public is 30 x 10°pCilml (Appendix 0. Table 0-3). 

c. Calculated as 1.96 standard deviations of the individual measurements. 
d. Cafdated as 1.96 standard deviations 01 the mean. 
B. Radiochemically datermined as uranium-233. -234. and -238. The calculated DCG lor uranium in water available to 

members 01 the oublic is 500 x 10°uCi/ml (Aooendix D Table D-3) 

GROUND WATER 
MONITORING 

P. F. FOLGER, B. R. LEWIS 
Overview 

Ground water monitoring for radionuclides and other pa- 
rameters has been conducted at RFP since 1960. C ~ M ~ C S  
have occurred in recent years as environmental regulations 
have evolved and expandcd. These C ~ M ~ C S  have intensified 
characterization and assessment of ground water through 
inscallation of additional monitoring wells, annlysis of ad- 
ditional analylcs. and improvcmcnls in quality ~ssurmce. 
The ground water progrnm now consists of 346 monitoring 
wells. Objectivcsoflhisprogramarc: I)toarscss impactson 
ground water qualily from past and cumnt operations at 
RFP, 2) to CNUR compl i~cc  with federal. state. and l a a l  
regulations; 3)toidentifytrcnds ingroundwaterquality;and 
4) to implement ground water protection and management 

11 ROCKY FLATS PLANT SITE arf 
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Hydrogeology 

Two ground water flow systems exist at RW, a shallow 
unconf~cdsysteminthcRocky Flats Alluviumundshattow 
paleochnnncl found immediately beneath the alluvium, and 
a confwd system found in the deeper sandstone units of the 
An~p;lha and Larnmic fomations. 

The Rocky flats Alluvium lies directly beneath plant fn- 
cilities and provides a grnvelly cover on top of a bedrock 
pediment. varying in thickness of up to 3 I m ( I  00 ft) west of 
RH' and thinning to the east where it mostly becomes 
noncxistcnt(Figurc6). Thesaturated thicknessofthe Rocky 
Flaw Alluvium isverywawnal with sizable arcasbecoming 
unsnturatcd during the late summer and winter months. 
Ground water flow is generally to the east in the nlluvium. 

Sandstone Lenses in the Arapahoe Foimation 

(NOT TO SCALE) I 
~~~ ~ 

Figure 6 
Gcncrulizcd Cruss Scrriun ufrlir Slrurigrnphy Undcrljing rhc iiurky Flrrrr P h i .  
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However, laalized dmctions may be toward the drainages 
or conlrollcd by the eroded surface of the bedrock. Flow 
directions in the shallow palcochmel arc controlled by 
channel morphology and surrounding aquitard lithologies 
but arc gemrally to the east. Deeper. unconfmed conditions 
occur in the westheredcla ystone bedrock. Theseareas do  no( 
contribute a significant quantity of ground water. Ground 
water flow in the lower, confined system found in the Arapa- 
hoe and Laramie formations is generally toward the east. 

Geologic formations undergoing environmental investiga- 
tions for potential contamination arc the Rocky Flats Allu- 
vium and the Arapahoe and portions of the Laramie forma- 
tions. The uppermost sandstone unit of the Arapahoe Forma- 
tion is in d m t  hydraulic connection with the R a k y  Flats 
Alluvium. It is in these contact areas where contamination 
enters the bcdmk.  Present hydrogeologic underscanding 
suggests there is not an immediate threat of ground water 
contamination leaving RFP via the ground water pathway. 
The other sandstone units within the Arapahoe formation do 
not appear to be of hydraulic importance because of their 
vertical separation. Further investigations are examining 
these other sandstone units. 

Monitoring Procedures 

A tolal of 193 wells were installed through 1987. and an 
additional 153 wells were added in 1989 tobettercharact~r- 
izc the geology. hydrogeology. and geochcmisq of RFP 

Plant Site Report - '89 

:figure 7). Table 3.3- I shows the breakdown of moniloMg 
wcllsinstallcdbeforeandduring 1989 by m a .  Ground water 
ramples BR collected quarterly and analyzed for the p m -  
ctcrs shown in Table 3.3-2. In addition to ground water 
chemistry. the water level is  measured for each well. A 
complew round of ground water levels is recorded at the 
beginning of each sampling quarter to asses ground water 
flowdmtions. Anadditional40piezometels were installed 
within the 384-acre main facilities area to help c h a r a c t e k  
the ground water flow sydem (Table 3.3-1). At present. 
approximately 20.Mx)data items arc collected on a quarterly 
basis from the ground water monitoring network at RFP. 

Results 

The Interagency Agreement (Section 2.0. 'Compliane 
Summary").divides RFPintoten aprablc  unitsforstudyand 
cleanup. The following section discusses nsulls of gmund 
water investigations on Operable Units I .  2 and 3. These 
units have received the highest priody in identifying con- 
tamination. Past investigations have been conducted on the 
remaining arcas of RFP though not specific to Operable Units 
4 lhrough IO. Other future studies will focus on characteriz- 
ing the level and extent of ground water contamination in 
these units. 

Groundwatcrinvcstigati~ and restorationactivitiesat RFP 
follow a five-phase plan lo identify contamination. design 
and implement treatment procedures and monitor adequacy 

1 

I 
i 

L 

Figure 7 
Location ofGround Warer Monitoring W e b  ar d e  Rocky Flats Plnnt in 1989 
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Figure 7 
Location ofGround Warer Monitoring W e b  ar d e  Rocky Flats Plnnt in 1989 
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Solar Ponds 
Present Landfill 
West Spray Field 
Old Process Waste  
903 Pad  
Mound 
East Trenches 
881 Hillside 
Piezometers. 
Ba*fOUnd 
East Buffer Zone 

TABLE 3.3-1 
Ground Woter Monitoring Wells ut the Rocky Fkats Pkant in 1989 

Total 
Numberof Wells Wells Installed 

Before 1989 lnstallecj 
Wells Installed 

32 
1 3  
8 

Line 3 
- 
- 
4 
3 

40 
50 - 

33 
25 
18 
2 

15 
14 
27 
37 

8 
14 

- 

65 
38 
26 
5 

15 
1 4  
31 
40 
40 
58 
14 

- I TOTAL 153 193 346 

I a. Piezometers a r e  located at various sites lhrouahoul RFP. 

TABLE 3.3-2 
Parameters Anohzed for Ground Woterol the Rocky Fkats Pkanl in 1989 

FIELD PARAMETERS METALS 

PH 
specific Conductance 
Temperature 
Dissolved Oxygen 

INDICATORS 

Total dissolved solids 

ANIONS 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate 
Cyanide 

ORGANICS 

CLP. Target Compounds List 
Oil and Grease  

CLP. Target Analyte List 
Cesium 
Lithium 
Molybdenum 
Strontium 
Tin 

RADIONUCLIDES 

Gross  Alpha 
Gross Beta 
Uranium -233, -234. -235, -238 
Americium-24 1 
Plutonium -239. -240 
Strontium-90 
Cesium-37 
Tritium 
Radium-226, -228 

a. Contract Laboratory Protocol 
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Solid Wasrr MaMgrmrnr Unirs Numbers 

ion concenuations nrc also elevated. Uranium was the only 
radionuclideabove background levclsinthesurficiulgmnd 
waterdowngradientofSWMUs119.1 and 119.2andranged 
upto53pCU(I.%Bq/l). 

Operable Una 2 (O.U.2) 

903 p d ,  Mound Area, and I h t  Trenches 

Information on ground water quality at O.U.2 was reponed 
in the daumcnt  "Draft Phase I1 RFffS Work Plan. Rocky 
Rats Plant. 903 Pad, Mound. and East Trenches Areas, 
Operable Unit No. 2" (Rl89d). VOCcontaminationoccurs 
in the surftcid ground watersystem at O.U.2 (Figure 8) and 
consists primMly of elevated values of TCE. PCE and 
carbon tetrachloride (CCI,). Elevated values of TCE best 
& h e  the extent of contamination which extends approxi- 
mutely 183 m (a00 ft) southeast ofthc 903 Pad to well 1487. 

$&ma ROCKY FLATS Plant Site Report - '89 

119.1 and 119.2 or rhc R a k y  Fbrs Plunr 

respectively (Figure IO). CCI, conlaminalion in the ground 
watcrwashighcstatthc nonhcrn E;IstTrcnchcsand903 Pad 
area.andrangcdupto 1.100p~lwithageometricmeanof 
400 pg/l for the second quarter IY89 (9 wcllb). 

VOC conturnination occurs in Ihc shallow bedrock ground 
water at O.U.2 where subcropping sundstonc bodies am in 
hydrau l i ccmt ion  with the overlying alluvialground water. 
However. deep bedrock groundwater h;u: npparcntly n a  k n  
impaclcd. 

Cennin inorganic parameters and radionuclides were el- 
evated above background values in O.U.2. but did not com- 
priw n well-dcfincdplumc ofcontamination. Investigations 
arccurrently undeway to funhcr characterize the magnitude 
and extent of contamination at O.U.2. 

operable uh j r  J (o.u.3, 

Figure 8 
Locarion of Ground Warrr Conmminarion Areal at rhc R d y  Flars Plant in I989 

and approximately 458 m ( I  ,500 ft) to the northeast of the 
903 pad to we11 3687 (Figure IO). TCE concentrations 
ranged up to 12.000 pg/l in monitoring wells at O.U.2 in 
1989. but contamination of this magnitude wns limited in 
extent. The geometric mean for TCE during the second 
quarter was 107 pu for IO wells. Elevated PCE concen- 
uations at O.U.2 were more limited in extent than TCE 
values, and were highest at the Mound Area (maximum 
v a l u c 4 5 . ~ p ~  during second qunncr IY89).,Thcextcnt 
of PCE contamination fell within the plume boundaries 
shown in Figure 8. but concentrations diminish south and 
eastoftheMoundAreato<100~~utwells0174and0174. 

ofrcstorationactions. This process includesestablishmcnt of 
ground water quality standards which arc specific to each 
operable unit and reflect slate and federal rquirements. 
Operable Units I .  2 and 3 arc in vnrious stages of investiga- 
tion and restoration. No specific standards have bccn estab- 
lished for thew operable units although possible limits have 
been identified pursuant to the CERCLA requirements that 
r e d i d  actions comply with applicable or relevant and 
appropriate (ARAR) federal laws or more stringent promul- 
gated state laws. In addition. the Colorado Water Quality 
Control Commission held informational henring on Feb- 
ruary 6.1990. to receive testimony for determining the need 
to prepat  regulations governing site-specific classifications 
and standards for ground water protection in the vicinity of 
RFP. 

Operable Una I (0.11.1) 

881 Hillside 

hformation onground waterquality at O.U. I was reponed in 
thedocument"Dr8ft Phase 111 R W S  Work Plan, Rocky Flats 
Plant.881 Hillside AreaOperablc Unit No. I"(R190). Vola- 
tile organic compound (VOC) contamination exists in the 

Solor Ponds, West SPOY Field, Present h n f i l l  

Data onground watcrquality P I  O.U.3 for 1989 was reponed 
inthedocument "1989Annual RCRACround-Water Moni- 
toring Rcpon for Regulated Units at Rocky flats Plant" 
(EG90a). 

Sular Ponds. Groundwater insur~cialmatcrialsa~ thcSolar 
Ponds has been impacted by elevated unounts of nitrate. 
urunium. tritiuni. TDS. sulfate. chloride. and ccnain mcvals. 
Thirty-two monitoring wells were instilled nt the Solar 
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shallow ground wnter system under thc 88 I Ilillsidc. Figure 
8 shows the approximate outline of contaminated ground 
water plumes on the plantsite. and indicates the extent of 
contaminationat0.U. I .  Concentrationsof the most common 
organic contaminants at O.U. I ,  trichloroethene (TCE). 
tctrachlorocthcnc (PCE). and 1.1.1 trichloroethanc (1.1.1. 
TCA)rangeupto 11.000pg/l.5.900pg/l.and I5.000pg.4. 
respectively. in samples collected during 1989. However, 
concentrations of this magnitude nre very limited in extent. 
Maximum values for volatile organic compounds occurred 
within the boundaries of the solid wu te  management units 
(SWMU)I19.IandIlY.2(Figure9). Thesearcaswcreused 
for barrel waste storage from 1967 to 1972. Concentrations 
of VOCsdiminishcdrapidlydowngradientofSWMU 119.1 
and 119.2 to or below detection limits (5  p a )  within 200 ft 
of the original storage area. 

Above backgroundTotal Dissolved Solids(TDS) and major 
ion concentrations also occurred in unconfined groundwa- 
ter at O.U.1. Some of these constituents have migrated 
farther downgradient than VOCs although they have not 
impacted the Woman Creek drainage directly south of. 
O.U. I .  Certain metals. including strontium (Sr). selenium 
(Sc). and uranium (U) also were present above background 
concentralionsat O.U. I andgeneri~lly~~CUrrCd where major 

Plant Site Report - '89 &BsB ROCKY FLATS 



$!EQXB ROCKY FLATS Plant Site Report ~ '89 

Ponds in 1989 to better characterize lhe naNre and extent of 
contamination. and lo investigate the distribution of a 
subcmpping sandrc~ne that may be considered part of the 
suriicial ground water system. Data from samples collected in 
1989 r e a f f d  that the maximum concentrations of con- 
taminants occur14 in the immediate Solar Ponds m a .  and that 
coneenfrations fall off rapidly downgradient. Highest con- 
centrationsfTTDS and nitrate (17.400 mgll and 12.100 mgn. 
rcspectivcly)~umdatthenonhsideoftheSolarPondc from 
wells completed in wealhered claystone. Highest values for U 
andbitium(H-3)(428pCi/l(1.58x 10'OBq/l] and9.000 
pCill 13.33 x IO" Bq/ll. respectivelyl)occudonlhe 
ea.. side of the Solar Ponds in wells completed in alluvial 
materials. Ocher parameters commonly elevated in the im- 
mediate % I a r F b ~ ~ i n d ~ & d  smtium(Sr),sodium ma). 
magmium (Mg). chloride (Cl). and sulfate (SO,). 

Figure B shows a plume of contaminated surlicial groundwa- 
ter extending approximately 1.100 h from the northeast 
comer of the Solar Ponds area. This plume represenu 
elevated values forTDS. inorganics. and some metals. How- 
cver.thesevaluesaregenerally lower thanvaluesforthesnme 
ConstiNcnts in the immediate Solar Ponds area. 

W a t  Spray Fleld. Eight monitoring wells were installed at 
the West Spray Field in 1989 and completed in the Rocky 
Flats Alluvium tomonitor theelevated nitrateconcentrations 

within this unit. Water with elevated nitrate concentrations 
was spray irrigated at the West Spray Field from 1982- 1985. 
resulting in modest increased nitrate and TDS values in the 
ground water. Results from 1988 and 1989 indicated that 
only one well consistently showed nitrate concentrations 
above IO mgn. and no higher than 20 mfl. Other wells 
within the West Spray Field showed nitrate concentrations 
lessthan IO m d .  Bedrock ground water quality at the West 
Spray field does not appear to be impacted by higher nitrate 
concentrations in the alluvial ground water. 

hesent Landfill. Alluvial ground water within the Present 
Landfill (Figure 8) has been impacted by elevated TDS. 
major ions, barium(Ba),calcium (Ca). iron(Fe). manganese 
(Mn).rinc(Zn). Sr.SO,. Mg.CI.H-3. and U. Concentrations 
of these parameters were elevated at six wells within the 
Present Landfill boundaries. However..wclls installed in 
1989 and during previous years do not indicate contamina- 
tion has extended past the boundaries of the present landfill. 
HighestvaluesforTDS(597 mgll). Sr (.67 mg/l). Fc (5.4 
mgll). Mn (3.9 mg/l). and U (IR.4 pCii (6.B x IV Sa/]) 
occurred within the landfill boundaries. Bedrock water 
quality apparently has not been impacted by contaminated 
alluvial ground water. although some wells showed slightly 
elevatedvalues forsomemetals,majorions.andTDS. These 
values may repre.senl background bedrock water quality in 
the Present Landfill area. 

I 

Figure 10 
Monitoring Wells in Opwoblr Unil No. 2 01 rhr Rocky Fhlr Plan1 in 19m 
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Background Characterization Siudp 

Fifty wells were installed in 1989 as pan of a network to 
characterire upgradient groundwater unaffected by RFP 
(t?gure7). These wells wcrccomplctedindifferentgcologi- 
cal uniu to compare against wells on the main facilities area 
that-were completed in the m e  geological unit. The 
backgroundcharncterizationprogram wasdesigned toassess 
the spatial and temporal variability of naturally occurring 
constituents in various media (ground water. surface water. 
s m  sediment.soil.and bedrock material). Representative 
background analytical data are necessary for meaningful 
interprclatim of RCRA and CERCLA remedial investiga- 
tions. These characteristics arc compared statistically with 
data from a downgradient site to determine if a par(icular 
concentration reprcmtr  a release to UK environment. 
Analy?cs listed in Table 3.3-2 were sampled quarterly with 
the excepion of volatile organic compounds. Volatile or- 
genic compounds do no( acur naNrally in h e  environment 
and therefore background concentralions were assumed not 
to be pluent. 

Results showed tha~ ground water in wrficial materials 
(alluvium. colluvium. valley fill. and weathered bedrock) 
gmerally'has similar water quality and can be classified as 
calcium bicarbonstc water. Samples from the unweathered 
bedrock ground water system can be distinguished from the 
surficial system by relatively higher sodium and sulfate. 
Future samples will be collected quarterly from background 
wells to mea sur^ temporal and spatial variations in the 

47 

ground water for comparison against downgradient wclls. 
This will permit accurate assessment of potential releases of 
contaminants. 

Geologic Chorocterizntion Study 

Understanding the subsurface cnvironmcnls at RFP is a 
major component in c o m t l y  interpreting environmental 
data collected for RCRA and CERCLA activities. Since 
initiationofremedial investigations at the RFP.asubstantial 
amount of geologic infomation has been obtained. Thic 
information is being integrated inlo M RFP geologic c h m -  
terization report. This rrport will outline the overall tectonic 
framework of the region, but will focus on more relevant 
sedimentological characteristics and depositional envimn- 
menu of the Arapahoe and Laramie Formations that directly 
underlie RFP. The hpahoe  Formation is stratigraphically 
complex, and contains sandstom strata which may serve its 
conraminant pathways via ground water flow. High resolu- 
tion seismic reflection was field tested and currently is being 
used to map stratigraphic complexities and quantify the 
hydrophysical system. Suatigraphic information as shallow 
as 6 m (20 ft) lo approximately 92 m (300 ft) below ground 
surface and with approximately 0.9 m (3 fl) vertical and 0.3 
m (1 ft) horizontal resolution is obtained. Integration of 
seismic data with Mher geologic information has accelerated 
development of aconceptual geologic model and quantifica- 
tion of hydrostratigraphic units. This model forms the basis 
for design in'ground water monitoring networks at RFP. 
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tool 5 cm (2 in.) into the soil and excavating the tool cavity. 
Asinglecompositesample wasformedforeachmonitoMg 
site by combining sub-samples from both frames. 

'Oils -led eight ''Iorado communities 
inFigurc 12)inMay 1989. SiteswcrexlectcdonIhebasisof 

~ ~ ~ ~ ~ ~ ! ~ ~ ~ ~ ~ ~ ~ $ ~ ~ $ ~ , ~ i b  

mer Clrcle: 

1-018 
1-036 
1-054 
1-072 
1-090 
1-108 
1-126 
1-144 
1-162 
1-180 
1-198 
1-216 
1-234 
1-252 
1-270 
1-288 
1-306 
1 -324 
1-342 
1-360 

Mer Clrcle: 

2-018 
2-036 
2-054 
2-072 
2-090 
2-108 
2-1 26 
2-144 
2-162 
2-180 
2-198 
2-216 
2-234 
2-252 
2-270 
2-288 
2-306 
2-324 
2-342 
2-360 

As in previous years, values were elevated in 1989 for sites 
1-090.1-108.1-126.2-090.2-108.and2-126locatedcastof 
the main facilities area (Figure I I). Contamination of lhew 
sites probably originated from the area known as the 903 Pad. 
Steel drums were used IO store plutoniumsontaminated 
industrial oils on 903 area from 19s8 through ,968. 
Lcakage from these drums contaminated surface materials. 
Plutonium particles entrapped in the fme fraction of these 

0.15 20.026 
0.08 2 0.01 
0.02 2 0.01 
0.32 2 0.03 
1 .oo 2 0.09 

13.0 2 1.30 
1.90 A 0.17 
0.32 2 0.03 

0.06 2 0.01 
0.16 2 0.02 
0.05 2 0.01 
0.05 2 0.01 
0.14 20.02 
0.07 2 0.01 
0.05 2 0.01 

0.15 20.02 

0.10 2 0.01 

0.09 2 0.01 

0.02 2 0.01 
0.1 1 2 0.01 

0.04 2 0.01 
0.02 * 0.01 
0.03 2 0.01 
0.33 2 0.03 
2.50 2 0.25 
0.41 2 0.04 
0.42 2 0.04 
0.04 2 0.01 
0.01 2 0.00 
0.1 1 2 0.01 
0.02 2 0.01 
0.04 2 0.01 
0.05 2 0.01 
0.04 2 0.01 
0.04 2 0.01 
0.04 2 0.01 
0.06 2 0.01 
0.04 2 0.01 
0.13 +0.01 
0.09 2 0.01 

Results 

Table 3.4-1 presents soil plutonium concentrations for 1985 

0.15 2 0.02 

0.04 2 0.01 
0.63 2 0.06 
7.40 2 0.62 

15.0 2 1.40 
1.90 20.18 
0.27 2 0.02 
0.08 2 0.01 
0.06 2 0.01 
0.16 20.02 
0.10 +0.01 
0.04 2 0.01 
0.1 1 2 0.01 
0.08 0.01 
0.05 2 0.01 
0.17 2 0.02 

0.03 2 0.01 

0.10 2 0.02 

0.21 2 0.02 

0.19 2 0.02 

0.03 2 0.01 
0.07 2 0.01 
0.05 2 0.01 
0.23 2 0.02 
5.30 2 0.48 
0.46 2 0.04 
0.44 2 0.05 
0.04 2 0.01 
0.02 0.01 
0.04 2 0.01 
0.08 2 0.01 
0.06 2 0.01 
0.05 2 0.01 
0.07 2 0.01 
0.06 2 0.01 
0.05 i 0.01 
0.02 2 0.01 
0.09 2 0.01 
0.12 20.01 
0.05 2 0.01 

surface materials were subsequently airlifted by winds and 
deposited on soils in a southeast-trending plume. Data from 
previous years has consistently shown elevated values from 
these sites. Annual variability in plutonium concentrations 
occurs because of non-uniform deposition by wind, subw- 
quent redistributionby erosion and fauna. sample variability. 
and samplin~analytical 

Table 3.4-1 
Plutonium Concentration in SoilSamples at the Rocky Flats Plant at One and Two Miles 

from the Plant Center, 1985 11989 

1987 1988 1989 
pu (&i,glhb.c.d pu (gi/@b,c.d pu ( 6 w b . c . d  

1. Error term represents two standard deviations. 
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lhmugh 1989. Samples takcnin I989fromtheinncrconccn- 
lric (I,6 km radius) ranged o,oQ pCi,g 

Bq/g)lo8.56 pcidg (3.17 Bq/g), Samples from 
o ~ t e r c o ~ n ~ c  c i E k  (3 .2~)mgedfrom0.01  p ~ g ~ ( 3 . 7  
x lU' Bq/g) to 1.94 pCidg (7.18 x I@* Bq/g). 

0.18 0.02 
0.06 2 0.01 

0.51 2 0.05 
7.05 2 0.77 
2.37 2 0.21 
2.75 2 0.28 
0.36 2 0.04 
0.17 2 0.02 
0.10 20.01 
0.21 2 0.02 
0.16 20.02 
0.05 2 0.01 
0.21 2 0.03 
0.09 2 0.01 
0.06 0.01 
0.21 2 0.03 
0.24 2 0.03 
0.03 2 0.01 
0.16 2 0.02 

0.04 2 0.01 

0.04 2 0.01 
0.10 20.01 
0 .10~0 .01  
0.36 2 0.04 
4.48 2 0.52 
0.57 2 0.06 
0.40 2 0.04 

0.03 2 0.01 
0.03 2 0.01 
0.14 2 0.02 
0.07 2 0.01 
0.07 2 0.01 
0.06 2 0.01 
0.08 2 0.01 
0.13 20.02 
0.08 f 0.01 
0.08 2 0.01 
0.14 2 0.02 
0.08 2 0.01 

0.08 2 0.01 
Soil plutonium concentrations in samples taken near C o b  
rad0 communities arc given in Table 3.4-2. Values ranged 
from0.01$u8(5.2x 1(rBq/8)nearBurlingtonro0.0~~d 
g (2.85 x IO' Bq/g) near Penrose. 

0.10 2 0.01 
0.88 2 0.01 
0.03 2 0.01 
0.37 2 0.04 

10.6 20.98 
10.4 20.94 
1.55 20.14 
0.20 2 0.02 
0.09 2 0.01 
0.06 2 0.01 
0.10 2 0.01 
0.05 2 0.01 
0.05 2 0.01 
0.09 0.01 
0.07 2 0.01 
0.03 2 0.01 

0.16 20.02 
0.12 20.01 

0.02 2 0.01 
0.12 2 0.02 

0.02 2 0.00 

0.1 1 2 0.01 

0.07 2 0.01 
0.03 2 0.01 

7.12 2 0.67 
0.47 2 0.05 
0.03 2 0.01 
0.35 2 0.03 
0.02 2 0.01 
0.03 2 0.01 
0.10 20.01 
0.07 2 0.01 
0.03 2 0.01 
0.04 2 0.01 
0.06 2 0.01 
0.07 2 0.01 

0.14 20.02 

0.05 2 0.01 

0.02 2 0.00 

0.10 2 0.01 

0.08 2 0.01 
0.08 '+ 0.01 
0.13 20.02 
0.16 2 0.02 
2.52 2 0.27 
8.56 f 0.81 
1.08 20.13 

0.06 i 0.01 

0.05 f 0.01 
0.05 i 0.01 
0.05 & 0.01 

0.06 '+ 0.01 
0.06 2 0.01 

0.07 f 0.01 
0.04 2 0.01 

0.12 kO.01 

0.08 k 0.01 

0.08 2 0.01 

0.10 i o . 0 1  

0.08 2 0.01 

0.02 2 0.01 
0.04 2 0.01 
0.06 2 0.01 
0.46 2 0.06 
1.94 2 0.23 
0.53 k 0.06 
0.28 2 0.04 
0.03 2 0.01 
0.02 2 0.01 
0.08 2 0.01 
0.01 f 0.01 
0.07 2 0.01 
0.05 2 0.01 
0.04 2 0.01 
0.06 2 0.01 

0.04 2 0.01 
0.06 2 0.01 
0.06 2 0.01 
0.04 2 0.01 

0.08 t 0.01 

. Not blankcorrectfd. 

. SamDled lo a deoth 01 5 cm. 

. Co&entrations are for the fraction of soil measuring less than 2mm in diameter. 
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Table 3.4-2 
Plutonium Concentration in Soil Samples Taken Near Colorado Communities in 1989 

Lobation pu (gi/gla.b.c.d 

Burlington 
Crooke 
Limon 
Livermore 
Loveland 
Penrose 
Springfield 
Walsenburg 

.01 f ,004 

.03 .02 * f ,006 .005 

.03 f ,006 

.05 .08 f f .009 ,014 

.05 .03 f t ,008 ,009 

a. Not blank corrected. 
b. Sampled to a depth of 5 cm. 
c. Concentrations are for the fraction of soil measuring less than 2 mm in diameter. 
d. Error term represents two standard deviations. 

c 

x 
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Figure 12 
Soil Sampling LDForions Ncor Colorado Communirics in I989 
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EXTERNAL GAMMA 
RADIATION DOSE 

MONITORING 
N. M. DAUGHERTY 

! 

Overview 

Thermoluminescent dosimeters WE) MC used to measure 
external penetrating gamma radiation exposure at 46 
locations on and off RFP . ReplicateTLDs arc located at 
each site. All TLDs are replaced after an exposure of 
approximately 3 months. n e  TLDs arc placed at I8 loca- 
tiom within the property enclosed by the security f e w .  
Measurements arc also made at I6 perimeter locations 3 to 6 
tm(2to4mi)fromthecenrerofRFPandin 12mmmunitics 
located within 50 km (30 mi) of RFF'. The TLDs are placed 
at a height of about I m (3 ft) above ground level. 

During 1983. conversion from a llarshaw TLD system to a 
Panasonic system was initiated. For one complete calendilr 
year. two TLDs of each type were used at each monitoring 
location. Beginning in 1984,onIyPnnnronicTLDshavcbecn 
uud. 

The environmental TLDs consist of two Panasonic 802 
dosimeters, cachof which has fourelements. Only oneofhe 
elements of each dosimeter is used. This element consists of 
calcium sulfak,thutiumdrifted (CaSO,:Tm).dcpoitedon a 
polymidsurfacc. The phosphor iscovered withacleartenon 
and backed with an opaque ABS plastic. Thc TLDs arc 
packaged in asmall plastic bag. apaperenvclope. andanother 
plastic bag to protect hem from the weather. Total filtration 
over he phosphor is 178.5 milligrams per square centimeter 
(mg/cm'). 

The environmental dosimeters have been individually cali- 
brated (k timer each) against M onsite 0 - 1 3 7  gamma 
calibration source. Calibration linearity studies have con- 
finned that TLD response is linear for exposure levels rang- 
ingfrom I O m m t o  1000mrcm. Themcancalib~tionfactor 
foreachdosimcteris applied tomcasuremcnts taken with that 

dosimeter. An additional correction is applied to c o h c t  lor 
day-to-day variations in reader calibration. 

It  was determined that a statistically significant (@.OS) 
difference in response exists between the Harshaw environ- 
mental monitoring system and the Panasonic cnvironmencal 
monitoring systems. To compare I Y X Y  values with the 
previously rcponedliarshawdata. it isnecessarytomultiply 
the Panasonic results given in Table 3.5-1 by 1.046. 

The annual dow equivalent for each location category was 
calculated by determining the average millirem per day 
(mretdday) for each of the thra  categories. using data from 
the fourqunnen of 1989. Thew values were then multiplied 
by 365.25 to obtain yearly totals. 

In previous annual repons. the Annual Measured Dow was 
reponed with a 9596 confidence interval on the mcm using 
the sfandard ermr of the mean. calculated from the variance 
of the individual measured values. Beginning in 1985. the 
9596con~denceintervalonnnindividualobwNation within 
each location category. calculated as 1.96 standard devia- 
tions. wasadded tothe repon. Thislatterinterval maybe uwd 
for assessing the variability of the individual location mea- 
surements within a location category. 

Results 

The 1989 environmental measurements using TLDs arc 
summarized inTdble 3.5- I .The averageannualdosecquiva- 
Icnts. as measured onsite. in the perimeter environs, and in 
localcommunities,wcrc 167.138.and 159mrem( 1.67.1.38. 
und 1.59n1iUisievem [mSvl). respectively. Thewvalucsnre 
indicative of background gdnmla radiation in the area 
(NA87a). 

i 

I 
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ASSESSMENT OF 
POTENTIAL PLANT 

CONTRIBUTION 

TABLE 3.5-1 
Environmental Thermoluminescent Dosimeter Measurements at the Rocky Flats Plant in 1989 

Mean Annual 95% Conndence 95%ConfKlenca 
Location Number of Number of Measured Dose Interval on the Interval on an lnd i iua  
QmQ!X Measurementi Mean Imrem)' Measurement fmremf 

Onsite 18 132 167 i6 i74 

Perimeter 16 104 130 % %5 

Community 12 83 159 i 7  6 1  ' 

I NOTE: The annual background gamma radiation dose in the Denver area ranges from about 125 - 190 mrem (NA87a). 

a. Calculated as 1.96 standard deviations of the mean. 
b. Calculated a s  1.96 standard deviations 01 the individual measurements. 
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TO PUBLIC 
RADIATION DOSE 

N .  M. DAUGHERTY 

Overview 

An overview of basic radiation concepts is provided in 
Appendix C. "Perspective on Radiation." The following is a 
more detailed discussion of methrrrtnlogics and results of an 
Bsyssment of the radiation dose . he public which could 
result from activities at RFP. 

Rocky F h t s  Plant Radioactive Materials 

Radioactive materials included in calculating radiation dose 
to the public from RFP activities arc plutonium. uranium. 
americium, and tritium. Internal exposure to alpha radiation 
emissions from inhalation and water ingestion of plutonium. 
uranium. and americium is h e  primary contributor to the 
projcacd radiation dose. Previous pathways assessments in 
the " R a w  Flats Plant Site Environmental Impact State- 
ment" indicated swimming and consumption of foodstuffs 
an relatively insignificant contributors to public radiation 
dose(US8Oa). Swimmingandfishingarclimitedinthearca. 
and most locally consumed food is produced at considerable 
distances from the plant. Cumnt pathway analysis is being 
reviewcdtouuurrlhatappropriatcpathwaysanincludedin 
the dose assessment methodology. 

Radiation Pmtection Standards for the Public 

Standards for proceCtion of the public from radiation.= 
bawd on radiation dosc. Radiation dose is a means of 
quantifying thebiologicaleffect or riskof ionizing radiation. 
In the United Statu. the unit commonly used to express 
radiation dose is the rem or the millirem ( I  rem = I.OO0 
m). The armparable International Standard (SI) unit of 
radiation dose is the sievett ( I  sievett [Svl=lOO mn). A rem 
is a unit of biological dose that exprrsses biological damage 
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on a common scale. Radiation protection standards for the 
public an annual standards. based on the projected radiation 
dose from a year's exposure to or inlake of radioactive 
materials. 

Radiation protection standards applicable to W E  facilities 
arc based on recommendations of national and international 
radiation protection advisory groups and on radiation p 
tection standards set by other federal agencies. Pending fmal 
revisionofradiationprot~tionstandardsforthepub1ic.WE 
adopted revised interim radiation protection slandards for 
W E  environmental activities in 1985 (VAES). These in- 
terim standards incorporate guidance from the National 
Council on Radiation Protection and Measurements 
(NCRP), the International Commission on Radiological 
Protection (ICRP) and the Clean Air A d  National Emission 
Standards for Hazardous Air Pollutants (NESHAF'). aa 
implemented in 40 CFR 61. SubpJrt H (USES). Effective 
December 15, 1989. EPA revised NESHAP standards for 
airborne emissions of radionuclides from W E  facilities 
(US89b). Thesc new standards will apply to air emissions 
beginning in 1990. 

AppendixD(Tab1e Dl)summarizcs interhDOEradiation 
protection standards for the public as established in 1985. 
The revised NESHAP standards of December IS. 1989. arc 
presented for comparison purposes. 

Radiotion Dose 

Radiation dose is calculated by multiplying radioactivily 
concentrations in air and water or on conlaminated surfaces 
by assumed inlake rates (for internal exposures) or exposure 
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hcs(forutedcxposure topenetratingradiation). Thcsc 
produ*suclhcnmultipliedbythcappropriateradiationdow 
umvnaion factors as follows: 

Radiation Dose = 
(Rdioactivity Concentnuion) X 
(lncalrc Ratc or Exposure Tme) X 
(Radiation Dose Conversion Factor) 

In calculating radiation dosc quivalent. differences in the 
biological effect ofdifferent types of ionizing radiation(c.g.. 
alpha. beta. gamma rays or X-rays) we accounted for in the 
calculation. Radiation energy absorbed in the tissue of 
intercst is fvst calculated nnd then multiplied by a modifi- 
cation factor bawd on the type and energy of the ionizing 
radiation involved. Onc millirem of dose quivalcnt from 
alpha radintion would have the same biological effect on an 
organ as one millirem of dow quivalent from gamma 
radiation. 

Effective dose quivalent is a means of calculating radiation 
dosethudlowscornparisonsofthe total health risk ofcancer 
mortality and serious genetic defects from caposures of 
diffcrenttypcsof ionizingradiationtodifferentbody organs. 
It is c a l c u W  by fmt determining the dose quivalcnt to 
how organs receiving significant exposures. multiplying 
cach 0 % ~  do% equivalent by a health risk weighting factor. 
andsumminglhosepmduc~~. Onemilliremofeffcctivcdosc 
quivalentfromnaturalbackgroundradintion wouldhavclhc 
m e  health ridr (fmm cnna r  mortality and genetic defccts) 
as one millirem of effective dose quivalcnt from Mificia~~y 
produced sources of radiation, rcgardlcss of which organ(s) 
receive the dmc. 

11 ~adiwcnviry Concentration 

Radioactivity concentrations or source terms used in calcu. 
laring dow can be determined from actual samples and 
mcasuremcnp in the environment taken at the locations 01 
interest. Alternatively. for airborne releases. thew con- 
cenlrntions can be calculated by modeling the atmospheric 
dispersionof airemissions from buildingsandcontnmimld 
land areas. 

In the following dose assessment. environmental measure. 
ments M used to determine compliance with the D O E  
radiation standards for all pathways. Thcsc measurement! 
are used to calculate nnnual average concentrations of ra. 
dioactive materials in air and water at the RFl' boundary and 

~ in neighboring communities. 

As rquircd in federal regulation 40 CFR 61, EPA-npprovec 
computercodcsnm used todeterminecompliance withClem 
Air Act NESHAP radionuclide emissions standnrds for Iht 

nirpathwayonly. PA-approvedcodcs. AIRDOS-EPA ~IK 

RADRISK. include both air disperbion modeling of air 

I 
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cmissions from b u i l d w  nnd conlaminnted lapd are- and 
dosc Convmion factors for calculaling f d  radialion dmc. 

Intake Rate or Exposure Time I.. 

lnlalrc rates of radioactive matcrinls used to represent inha- 
lation nnd ingestion for I yr M prescribed by the DOE 
(US88a). Thue rates are bascd on recommendations of the 
ICRF' (lN75). Thc brcalhiig and water ingestion rates for 1 
yr are 8.400 cubic meters (m') and 730 liters (I). Fspectively. 
Exposure h a  for catemnl penetrating radiation are ns- 
s d  to be I yr. 

Radiation Dose Conversion Factors 

Radiation dose conversion factors used for determining 
compliance with DOE stnndards for all pathways M pre- 
scribed by DOE (US864 USSSb). Dose conversion factors 
for internal caposures arc bavd on recommendations of the 
ICRP (IN79). Dose conversion factors b r  catcmnl c a p  
sums to penetrating radiation are bawd on n methodology 
devclopcdat OnkRidge NationalLnboratory(KOBI.KO83). 
with modiftcations by the originnl author (US66b). 

Relative abunbcesofplutonium and americium isotopes in 
plutonium typically used at RFP (Table 3 .61)  were used to 
calculate composite dow conversion factors for plutonium 
and americium in air and water. Fractions of ingested 
radionuclides absorbcd from the gastrointestinal vnct and 
lungclenrnnccclassesfor inhaled radionuclides werechosen 
to maximize the associated dose conversion factors and the 
resulting radiation dose. Each dose conversion factor is for 
a50-yrdosecommiuncnt from I yrofchroniceaposure. Thnt 
is. the dose that an individual could receive for 50 yr fol- 
lowing I-yr's chronic inlnkc of ndionctivc material is cal- 
culated. The dose conversion factors used in this assessment 
arc listed in Table 3 .62 .  These dose conversion factors 
incorporate inlake rates andexposure times discussed above. 

EPA-approved computer codes used to determine compli- 
ance wilh the Clean Air Act NESHAP slnndvds for the air 
pathway incorpontc PAS own approved dosc conversion 
fnctors. 

Dose Assessment Source Terms 

Dox asxssmenr for 1989 was conducted for several locn- 
lions: RFP propeny boundary. nearby communities. and 
sitestondistance of XOkm (SOmi). Following is n description 
of the radionuclide concentrations (source tcrms) used for 
calcuhting the rndintion dose to the public for all pathways. 

Plutonium nnd americium in RFP environs M rhe combined 
result of residual fallout deposition from global atmospheric 
nuclear weapons testingnndrelcascs fromtheplant. Uranium. 

1 

I 

I 
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TABLE 3.6-1 
Isotopic Composition of Plutonium Used at the Rocky Flats Plant (USBOa) 

Relative Weight Specilic Activily Relative Activity. 
l s n t p p e l E ! Z & a l  rn m Fraction 01 Pu Alaha Activitg 

Pu-238 0.01 17.1 0.00171 
Pu-239 93.79 0.0622 0.05834 
Pu-240 5.80 0.228 0.01322 

Pu-242 0.03 . 0.00393 1.18x 108 
Pu-241 0.36 . 103.5' 0.37260' 

Am-241 

0.0233 
0.7962 
0.1804 
5.085' 
1.61 x l o '  
0 .24 

Beta Aaivity 

a. 
b. 
c. 

obtained by multiplying the percent by weight by the specific activity. 
o w a i d  by dividing the relative activily by Ihe bum of the relative activities for the plutonium alpha emillers. 
The value for Am-241 is taken to be 20% 01 the plutonium alpha activily. 

~ 

a naturally occuning c~ement. is indigenous to many pans of 
Colorado and is used in RFP operations in various isotopic 
ratios. Tritium is both naturally occurring nnd produced 
anificially. Tritium issometimes hnndled in RFPoperations. 

The ingestion source tcrms were based on measured con- 
centrationsofplutonium. americium.uranium. andtritium in 
water. Ground-planc source terms of penetrating radiation 
exposure from conminard soil arcas were bnscd on p t  

mcasurcdvalucsofplutoniuminsoilandannssumedratioof 
. 0.20forIheamcriciumtoplutoniumalphaactivity inthesoil. 

Inhalation SDUTCC tcrms for the 19119 dose assessment were 
bawd on plutonium-239 and -240 concentrations measured 
in ambient samples. Although it is known that much of 
this plutonium in air is from residual fallout from past global 
atmospheric weapons testing. for h e  purposes of this dose 
a s w m c n t i t  wasconsewativcly assumedthatallplutonium 
Originated fmn m. 
Mnxlmum Site Boundary. The maximum site boundafy 
dosc assessment assumes an individual is present conlinu- 
ously at the RFF perimeter. though this area actually is 
uninhabited. 

Thc plutonium inhalation source term of 3 a IO." y C i l  ( I  
x I&' Bq/m') wns the maaimum nnnual avcrnge concentra- 
tion of plut&um-239 and -240. as measured for a single 
location in the perimeter ambient air sampling network. 

Thc water supply for an individual ut the RFP boundary was 
assumed lo  be Walnut Creek. which intermittently flows 
offsite nnd provides the liquid effluent source term at the site 
boundary. During 1989. plutonium conccntntion in Walnut 
Creckavcragedl .9~ IO"pCiml (7 .0~  lO*nq/l). Average 
amricium conccntrntion was 1.2 x IO" yCiml(4.4 a IO4 
Bq/l). Theseconantrations wereused asthe wiltcringestion 
~owfetermforthemaaimumsitcbound;lrydowaswssmcnl. 
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The average concentration ofuranium in Walnut Creek was 
4.61. IO'pCi/ml(l3 a 10'Bq~)andnverageconccntration 
in incoming raw water was 9.9 a IU"pCiiml(3.7 x IO'EW). 
The source term for uranium ingestion was the difference 
between these two values(3.6a IO Q p C i m l  11.3 a IO' Bq/ll). 
The average tritium concentration in Walnut Creek w a s 0 t  
60 pCiml and within the buckground range typically mea- 
sured in regional waters. Tritium is an insignificant con- 
tributor to dose. 

Ground-plane irradiation by external penetrating radiation 
from contaminated soil areas also is an insignificant con- 
tributor to dose. External penetrating radiation asscciatcd 
with radioactivematerials of importance at RFP is generally 
of low energy and intensity. The ground-plane irradiation 
source term used for this asscssnlcnt is based on the maxi- 
mum plutonium concentrution in soil measured at the RFP 
perimeter. as reponed by the Environmental Measurements 
Lnbomtory(US70). Thissourcetcrmis3a IO'pCiirn*(l a 
1O'bccqucrelsper square meter lBq/ni'l). Americium is as- 
sumcd to be present at an alpha activity level of 20% of 
plutbnium (US80a). The americium source term is cs- 
timntcd at 6 x IO.' microcuries per square meler(pCVn?) 
(2  x IO' Bqlm'). 

Community Lwutlons. Air inhalation is considered the 
most significant pathway for radiation exposure to the 
public in community locations. Only two raw water s u p  
plies, Great Wcrtcm Reservoir and Standley Lake. receive 
water from drainages crossing RFP. and input from thew 
drainages is asmall contribution to total volume of water in 
these reservoirs. As slated previously. ground-plane irra- 
dintion from penetrating radiation found in convnminatcd 
soil is an insignificant contribution to doac at the RFP 
boundary. Soil concentrutions ut more distant community 
locations would be much less. 
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Table 3.6-2 
Dose Conversion Factors Used in Dose Assessment Calculations for the 

Rocky Flots Plant in 1989 

m Pu-239. -240 

Effective Dose 
Equivalent 5.71 x 10l2 

Bone Suriaces 1.04 x 10" 
Liver 2.22 x 1013 

Lung 1 . 0 8 ~  1013 

MICROCURIE 

Qw!l Pu-239. -249 Am-241 

Effective Dose 
Equivalent 3.53 x 10' 3.29 x 10' 

Liver 1.32 x 107 1 . 2 4 ~ 1 0 7  
Bone Surfaces 6.42 x lo7 5.91 x 107 

IO IO Lung 

GROUND-PLANE IRRADIATION 

QJpJ Pu-239. -24Q Am-241 

Effective Dose 
Equivalent 4.80 x lod 2.99 x 10' 

Liver 4.53 x 108 1 . 7 8 ~ 1 0 ~  
Bone Surfaces 1.62 x l o 5  3.69 x l o 3  
Lung 9.78 x 108 2.01 x 105 

y-233. -234. -238 

1.9ox105 
(.I 

2.99 x 10' 
(0 

a. lnhaktlon and water ingestion dose conversion factors were adapted from DOE/EHM)71 ( U W )  and am for a 50) 
dose commitment period and a 1 micrometer (pm) Activity Median Aerodynamic Diameter (AMAD) partide she 
(vA85). Gastro-Intestinal (GI) absorption fractions end lung clearance classes were chosen to maximize lhe dose 
conversion lactors. 

b. An inhalation rate of 2.66 x 1O'miliiliterS per second ( m k )  for 1 yr was assumed and Incorporated into the dose 
conversion factor. 

c. A water intake rate of 2 x 1 0  ml (2.1 quarts) per day for 1 yr was assumed. 
d. Ground plane inadiatlon dose conversion (actors w r e  adapted from DOUEH-0070 (USBBa). For Pu-239 and -240. 

Ihe higher of the (actors lor the Wo isotopes was used. A 1-yr exposure period was assumed. 
e. The liver receives no signilicanl dose from this pathway. 
1. The lung receives no significant dose frolm this pathway. 
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TABLE 3.6-3 
Radio~utiviry Concenlrnfions Used in Dose Calculnfions for the Rocky Flats Plant in 1989 

Air Water Surface Deposition 
(pCirnl) (pCirnl) (IJCUml) 

A@L.u .~ L!2ai!m pU-239.-240 &-239.-24Q u - 2 3 4 . 2 3 8  

MaxlmumSieBoundary 3 . 0 ~ 1 0 ' ~  1 . 9 ~ 1 0 "  1 . 2 ~ 1 0 ' ~  3 . 6 ~ 1 0 ~  3 x 1 0 '  6x10J 

Community - 3 . 0 ~  10" 

TABLE 3.6-4 
F#y-Year Committed Dose Equivalent From One Year of Chronic IntakelExposure from the 

Rocky Flats Plant in 1989 

Effective Dose Equivalent Liver Bone Surfaces 
mra!nl m m 

I Maximum Site Boundary Location 8.3 x 10' 4.8 x 10 '  1.3x10' 4.4 x 1 0 2  

1.7 x 10' 6 . 7 ~  10' 3.1 x 10 '  3 . 2 ~  10' 

The source term for inhalation used in this air dose assess- 
ment is Iht maximum annual average plutonium concentrnr 
tion measured in ambient air at any community sampling 
location (3 x lU"pCi/ml[l.l x lO-'Bq/m']). Thisconcen- 
bation is IIK annual average of measured concentrations for 
the Jefferson County Airpott ambient air sampler. 

A summary of source terms for the maximum site boundary 
and community locations is tabulated in Table 3.6-3. 

Results 

Maximum Sire Boundary Dose 

Calculation of maximum radiation dose to an individual 
contiquously present at the RFPboundary uses radionuclide 
concentrations in Table 3.6-3. From these concentrations 
and dose conversion factors given in Table 3.6-2. a 50-yr 
dose commitment of 8.3 x IO-' mrem (8.3 x 10' mSv) is 
calculated us the effective dose equivalent from all path- 
ways. The corresponding bone surface dose is 1.3 x IO' 
mrcm (1.3 x 10 '  mSv). The DOE interim radiation pro- 
tection standard for members of the public for prolonged 
periodsofexposurcis 100mrem/yr(l mSvpryr[mSv/yrl) 
effective dose equivalent. The maximum site boundary 
dose in 1989 reprcsenls 0.83% of the standard for all 
pathways for effective dose equivalent. 
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Maximum Community Dose 

Fifty-year dose commitments for community locations in 
1989 were 1.7 x IO'mrem (1.7 x l W  mSv) effective dose 
equivalent and 3.1 x IU' mrem (3.1 x IO' mSv) dose 
equivalent to bone surfaces. Calculated effective dose 
equivalent for the community location was 0.01 7% of the 
DOE interim standard for all pathways. 

Eighty-Kilometer Dose Estimates 

Dose commitment for ill individuals to a distance of 80 h 
(SOmi) isbascdon the calculated maximumcommunity dosc 
estimates shown in Table 3.6-4. The estimated committed 
effative dose equivalent is less than I mrem (I  x IO-' mSv). 
A level of 1 mredyr  or less is specified as a de minimis 
(inconsequential) level of exposure in the DOE guide titled. 
"A Guide to Reducing Radiation Exposure to As Low As 
Reasonably Achievable (ALARA)" (UsBob). The guide 
further states:. 

"Radiation-induced mutations and discaxshave not been 
discovered inpopulations that arc orhavebeenexpowd lo 
doscsof 100 m d y e a r o r  less. Hence. it is reasonable lo 
suggest that no health effects will be discerned if a 
population is exposed to an additional I percent of the 
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TABLE 3.6-5 
Radionuclide Air Emissions for the Rocky Flals Plant in 1989, for  Input to 

AIRDOS-EPAIRADRISK Computer Codes 

Air Fmission Activilv 

Measured Building Emissions: 

ti-3 
Pu-238 
PU-239, -240 
u-233, -234 
U-238 
Am-241 

Estimated Soil Resuspension: 

Pu-241 
Pu-239. -240 
Am-241 

1.77x 10' 
2.16 x lo" 
4.90 x lo4 
5.02 x lo4 
2.60 x lo8 
1.18x108 

2.2 x 10' 
4.4 x 104 
8.8 x 104 

level; i.e.. 1 mrcndyr. An m u a l  dose of 1 mrcm should 
be rcgardcd na a level which is clearly de minimis." 

B d  on the de minimi  concept and maximum community 
dose esttnaceS. Ihc dose commilmcnt for all individuals in 
1989 to 80 km was consided to be inconsequential. 

Radialion Dose from Air Pathway Only 

EPAappmved methodology (USES) is used to demonstrate 
compliance with Clean Air Act NESHAP scandardu for 
airborne radioactivity emissions. Prior to setting of revised 
N E S W  standads on December 15. 1989. the EPA-ap 
pmvedstandad wnabascdonmeteorologicaUdowmodcling 
of Sir cmkions  using h e  AIRDOS-EPA and RADRISK 
computer codcs. Table 3.65 lists the 1989 air emissions 
activities used as input to the AIRDOS-EPA and RADRISK 
computercodes. Theseactivities included buildingairefflu- 
cntrel~valucsfortheycarasdirusxd inSection 3.1 and 
an estimate of resuspension from soil as developed in the 
"Rocky Rats Plant Site Environmental Impact Statement" 
(USBOa). 

h i m u m  dose equivalents to the public from RFP air 
emissionsin 1989arcsummarized inTablc3.66. Thewarc 
results of Ihc AIRDOS-EPA and RADRISK computer 
modcling. 

AIRWS-EPA and RADRISK models calculated a whole 
bodydoscequivalenttothemnximallycxposed individual of 
2.3 x 10' n m m  (2.3 x IO'mSv). The mnximum individual 
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organ @ow surfaces) dose was 6.6 mrem (6.6 x IO' mSv). 
These values represented 0.92% of the EPA N E S W  
~landrrrd for whole body dose equivalent and 8.8% of the 
standard for an individunl organ. 

Natural Background Radiation Dose 

Effective dose equivalents from RFP may bc compnrcd to M 

averagemualeffs i ivc dosequivalcntforthe Denver arca 
of abut  350 mrem (3.5 mSv) from natural background 
radiation (NA87b) (Table 3.67). Natural background ra- 
diation for Denver is higher lhpn shown for Be totnl body in 
RFPannualrepohspriorto 1985andalsohigherlhpnshown 
for effective dose quivalcnt in the 1985 and 1986 annual 
repohs. The level reflects the most recent assessment of 
natural background radiation caposure of the population of 
the United States by the NCRP. I t  includes the significant 
contribution toeffectivcdoxequivalcnt from inhaled indmr 
radon. 8s well 8s the adoption of the ICRP 30 methodology of 
radiation dosimetry. Cosmic radialion and external primor- 
dial nuclides sources shown in Table 3.67 reflect the re- 
g i o d  dose levels for the Denver area from Denver's higher 
elevation and greater concenlration of naturally occurring 
radioactive materials in soil. Thc internal primordial nu- 
clides source includes the average dose from indoor radon 
estimated by the NCRP for h e  entire United States. Inves- 
tigations arc now being conducted to determine whether any 
regional differences in indoor radon doses caist. Once these 
studies are completed, the estimates of natural background 
radialiondowforhcDenvcrnrcamaybemodi~edtoreflcct 
indoor radon doses specific to this region. ! 

I 
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TABLE 3.6-6 
Maximum Air Emission Individual Dose to the Public from the Rocky Flats Plant in 1989' 

Dose Equlvelent (mrem) 

From Measured From Estimated Total 
Both SourcE Soil ReSuSDenSiOn Qmrl Buildino Emissions 

Whole Body 1.ox 104 2.3 x 10" 2.3 x 10' 
h e r  3.1 x lo4 1.3 1.3 
Bone Surfaces 1 . 7 ~ 1 0 '  6.5 6.6 
Lung 3.0 x loJ 4.3 x 10" 4.3 x 10" 

a. Calculated usina AIRDOS-EPNRADRISK computer codes. 

TABLE 3.6-7 
Estimated Annual Naturol Background Radiation Dose for the 

Denver Metropolitan Area (NA87a) 

Cosmic Radiation 
Cosmogenic Nuclides 
Primordial Nuclides-External 
Primordial Nuclides-Internal 

Elfective Dose Equivalent 
(mrem) 

t#  
50 

63 
239 

Total for One Year (rounded) 350 
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ASSURANCE 
AND 

Q UALZTY - CONTROL 
R. J. CROCKER 

The Rocky Flab Non-Weapons Quality Assurance Program 
establisheg policies and guidelines for quality 8ssumce of 
a v i m m m t a l  programs at RFF’. This program is based on 
ANSVASME NQA-I. “Qual i ty .Assumc Program Re- 
quirements for Nuclear Facilities.” as implemented through 
the RFP “Non-Weapons Quality Manual.” Quality assur- 
ance programs arc required under W E  Order 5700.68. 
“Quality AssurancelNon- Weapons Quality Assurance.” 

Qualily Assurance,QualiIy Control (QA/QC) plans have 
been developed for thrre primary environmental program 
areas at RFP: 1) general environmental management and 
monitoring (Environmental Management). 2) analytical 
laboratory supporl (Hcallh. Safety and Environmental Ana- 
lytical Laboratories). and 3) environmental restoration (En- 
vironmental Rutoration). Independent and internal audits of 
Ihespmgrams.wupled with control prccedures,msure that 
quality assurance and quality control elements exist for a 
comprehensive environmental program. 

Environmental Management (EM) 

Objectives of the QAlQc plan for EM arc: 

Tomsure thatcuncnl, written chartersexin forall envirorr 
menfal pmgram elements. Thcse must ensure that all 
appljcabk requkmenb arc satisfied in a comprehensive. 
integrated Bppmach; 

To ensum Ihac current written operating p d u r e s  cxisl 
for all  phnsa of EM operations and that thew p d u r e s  
arc implemented as wrinen; 
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- T o c m  that approPriate approvals BIC oblahed prior Io 
significant program initiations or changes; 

To ensure that equipment used in sample wllscion and 
data analysis is appropriate to the assigned function and is 

* 

operating as required; 

* To ensure that accurate documentation exists for all p” 
grams, procedures, dons .  and audics; 

To ensure that all variamrr from proccdura. cquipncnr 
use or performance arc documented and explained with an 
assessment: and 

To ensure that appropriate guidelines and stsndard, f a  
envinmmntal monitoring BIC identified and documenta- 
tion of compliance is provided on a mu& basis to RFP 
management. DOE, and other state and federal regulatory 
agencies. 

* 

- 

The QA/QC plan for EM establishes administrative control 
points. delinentcs responsibilities for specific categories of 
activities. and provides an information baJc from amich 
procedures can be developed. updated. and/or implemented. 
Included arc contingency plans for emergency prcparrdnesr 
and documentation to comply with regulations of federal. 
statc.andlocalagcncies. Qualityassuranaffoweharuand 
quality matrices illustrate activity networks and wmspond- 
ing quality elements of each responsibility area. A wmpletc 
listingofactiviiie~andresponsibilitics is includedin IheQN 
Qc Plan. 
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TABLE 4.0-1 
Health, Sqfety and Environmental Luboratories Interactive Measurement Evaluation and Control 

System (January - December 1989) 

hlmb!4h 

Pu-239. 
-240 

h.241 

u-238. 
-231. 

H-3 

Pu-239. 
-240 

Am241 
Nuns 

U-238. 
-234. 

801 
mrs 

Be 
men 
"u-238. 

-240 

mMnJh2d 

Water Alphe 
Spearal 

Watw Alphe 
speceal 

Watw Alpha 
spenral 

water Llquld 
SdnUllaUon 

EMuent Alpha 
men Spgtral 

speceal 
Ellbent Alpha 

EHluent Alpha - spectrr 

EMuent Atomic 

b w b n  

Absorph 

mm spectral 

Wonpcace Atomic 

Amblsnt Alpha 

Samp4e 
A 

1.2.35 dld 

0.7-21 dlmn 

3-90 dlml 

5.000-60.000 dlml 

4-120 dlrmp 

3-90 dlmn 

10-300 dlmn 

0.3 -10 Penb 

0.3-10 Pgil 

2-45 dlmn 

N o d  
sample 
A 

0-3 dld 

0.3 dlmn 

0-30 dlmn 

0.9.990 dlmn 

0.3 dlM 

0.4 dlM 

0-30 dlmn 

0.5 pen 

0-20 pgil 

0-54 dlmn 

Annual Ranpe of 
Relative Retaltvo Total 

Error Control 

45.45 -1Wl0 +71 51 

- 1 7 d  .lW to&? 53 

-10.8 -96lo+31 101 

5.9 -98to +93 99 

6.1' -to010 ,287 50 

-1.9 -89to+t25 1.079 

.l.5 .IO0 lo +200 52 

a. The mean of lhe ratio of the 12monIh diflerences between ObSeNed and standard values to the standard values in 
percent. This term is inclusive of all random and systematic error in the standards. analytical chemistry. and 
measurement p r m s s  lor a given nuclide, matrix. and procedure. 

>. dltM I disintegrations per minute per liter; d/M I disintegrations per minute per filler: 
;. Bias Is a result of control samples which were not acidified. Field samples have been acidified according to 

p c d u r e .  Control samples will also be acidilied starling June 1990. 
i The internal l r w r  used lor uranium is U-236. The U-234 added to the control sample wntains 2% U-235 by activity. 

The energies 01 U-235 and U-236 are so close they cannot be resolved by alpha spectroscopy. As a result, the U-234 
added to the control sampled biases the recovery high and the sample result low. Eflorls are underway to use U-232 
as a tracer which will eliminale the source of bias discussed. as well as allow auanlilication of U-235. 

1. Bias antibuled to -1 296 error on wnlrol standard. error corrected 111 6/90, 
. Analyzed by 881 General Laboralory. 
). Blank correct values oniy are included. 

I micrograms per filter. 
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Health, Safety and Environmental 
Laboratories (HS&E) 

To ensure data reliability. the HSBE QNQC pian outlines 
quality control methods uwd in all phases of laborntory 
operations. This program includes the following elements: 

- Development, evaluation. improvement. modification, 
and documentation of analytical procedures; 

Scheduled instrument calibration. control chaning. and 
preventive maintenance; 

Piuticipation in interlaboratory quality comparison pro- 
grams; and 

* 

- Intralaboratory quality control programs. 

All sample batches analyzed by the IIS&E Laboratories 
Central Rcceiving Labomtory contain an average of I@% 
control samples. Controls consist of analytical blanks pre- 
padin-houwandslandardsprcpared by theRFPChemistry 
StandardsLaboratory. An analysiso~groupofanalywsnw) 
bcre+tcdandrhc sampleorwnplesscheduled for remnlysia 
for one or more of the following rcmns: 

- Overall chemical recovery of the spike is  less than 10% 
or greater than 105%; 

TAB1 

zl E Q ~  ROCKY FLATS 

Analytical blanks in the analysis batch are all out of 
acceptable mnge. A statistical test is utilized to reject 
blank outliers; 

- Alphacncrgyspeclrumisnot acccptablcbecauwofentra 
and/or unidentified peaks. excess noim in background 
areas or poor resolution of peaks; or 

The chemist in charge of the laboratory believes there is  
reason to suspect the analysis. 

* 

Any unusual condition affecting the results. noted either 
during sample collection or analysis. is  reponed to the ap- 
propriate management officials. Table4.0-I i s a  summqof 
HSBE Laboratories' participation in the H W  Interactive 
Measurement Evaluation and Control System for 1989. The 
IISBE Laborntorics p;uticiptc in the EPA Environmental 
Monitoring Systems Laboratory and the DOE Environmen- 
tal Measurements Laboratory Crosscheck Progr~n~s. Table 
4.0-2 summarizes tIS&E Laboratories' panicipa!ion in this 
Pmgrm. 

Environmental Restoration (ER) 

Multi-media monitoring activities at RFP are pan of the 
DOES ER Program (formerly called the Comprehensive 
Environmental Assessment and Rcsponx Progr~m). The ER 
Program's QAIQC Plan i s  one compnrnt of the monitoring 

4.0-2 
Health, ,Sofely and Environmental Laboratories Participation in the EPA Environniental 

Monitoring Systems Luboratory Crosscheck Program During I989 

Annual Range 01 
Number Number 01 Relative Relative 

isotope of Acceptable Error Error 
&Qgr&J!m &g& Analvses Analvsgl' mb Percenl 

Gross Alpha 
Gross Beta 
H-3 
CPM) 

cs-134 
Cs-137 
Cr-51 
flu-106 
Pu-239 
u (MI.) 

Filter 
Filler 
Water 
Water 
Water 
Waler 
Water 
Water 
Water 
Water 

Gas Proporlional 2 
Gas Proporlional 1 
Beta Liquid Scintillation 3 

1 Gamma Spectral 
Gamma Speclral 2 
Gamma Spectral 2 
Gamma Spectral 1 
Gamma Spectral 2 
Alpha Spectral 1 
Alpha Spectral 3 

2 
1 
3 
1 
2 
1 
1 
2 
1 
3 

4.9 
-1.1 
2.4 

20.0 
-0.8 
16.5 
11.0 
4.9 

10.0 
- 23 

-6.3 to 11.2 
NA' 

-2.9 to 6.6 
NA' 

-9.310 7.7 
0.7 to 26.6 

N A ~  
3.7 106.1 , 

NAc 
-6010-11 

a. 'Acceptable analyses'are those analyses for which Ihe ObseNed value was wilhin i 3 standard deviations 01 Ihe 
standard value. 

b. The mean of the ratio 01 the 12-month dilterences between observed and standard values to standard values in 
percent. This term is inclusive of all random and systemalic error in the standards. analytical chemistry. and 
measurement process lor a given nuclide. matrix. and procedure. 

c. NAP Not applicable. 
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plans for RFP. The monitoring plans consist of five park 
SamplingPlans,TahnicalDaraManagemenlPlan.Hcalthyld 
SalefyPlan.QAXICPlanr.andS~dardOperatingPmcdu~~. 
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Complete programmaticderails for ER are detailed i n ‘ Q d i t y  
AssuranoeRogramPlan,Fnvironmenlal RstorationRogram. 
Rocky Ha& Plant,” October 19R9. 

ABBREVZATZONS 

Units of Measure 

Bcquerels 
Becqucrels per liter 
Becqucrels per square meter 
Baqucrcls per cubic meter 
D e g ~  Celsius 
Curies 
Curies per gram 
Centimeter 
Disintegrations per minute per microcurie 
Disintegrations per minute per picocurie 
Disintegrations per minute per filter 
Disintegrations per minute per liter 
Disintegrations per minute per gram 
Disintcgrations per second 
D c p  Fahrenheit 
Foot 
Square Fcet 
Cubic foot per minute 
Gram 
Gallon 
Grams per square centimeter 
Grams per day 
Gallons per minute 
Hectare 
Hour 
Inch 
Kilogram 
Kilometer 
Liter 
Liter per disintegration 
Liter per second 
Pound 
Meter 
Square meter 

Cubic meter 
Cubic meter per second 
Milligrams per square centimefer 
Milligrams per liter 
Meters per kilometer 
Milliliter 
Milliliters per day 
Milliliter per second 
Mil- per hour 
M i l l i m  
Millirem per day 
Millirem per year 
Meters per second 
Cubic meter pcr second 
Millisievcrt 
Millisicvcrt per year 
Micnxurie 
Microcurie per squnrc meter 
Microcuries per milliliter 
Microgram 
Micrograms per filter 
Micrograms per liter 
Micrograms per cubic meter 
Micrograms per milliliter 
Pieocuric 
Picocuries per gram 
Picocuries per liter 
Pa t s  per billion 
Parts per million 
Pint 
Perccnf 
Roentgen equivalent man 
Rocntgen equivalcnl man per year 
Sievcrt 
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ABBREVZATIONS 
CONTINUED 

Chemical Elements and Compounds 

Am 
Ea 
0e 
ca 

CI 
Cm 
co 
co 
Cr 
Ca 
Fe 
H-3 

Mn 
N 
Na 

CCI, 

ME 

NO2 
NO3 

2 
PCB 
PCE 
Pu 
Ru 
sc 
s o 2  
so, 
Sr 
TCA 
TCE 
Tm 
U 
zn 

Americium 
BMUm 
Beryllium 
Calcium 
Carbon TcvachIoride 
Chlorinc 
C W i U  
Carbon Monoxide 
Cobolt 
Chromium 
Cesium 
Imn 
Hydrogen-3 (Also called 'Tritium") 
Mapcsium 
ManganCSC 
Niuogcn 
S0diU-U 
Nitrogen Dioxide 
Niwtc 
oronc 
Lead 
Polychlorinated Biphenyls 
T e ~ h l o r o c t h e r v  
Plulonium 
Ruthenium 
SelcniUm 
Sulfur Dioxide 
SlJli& 
Strontium 
I ,  I. I - Trichlomlhane 
Trichlomthenc 
'Ihulium 
Uranium 
zinc 

Symbols ACRONYMS 
ACNFS 
ADM 
AEC 
APEN 
ARAR 
BOD, 
CDH 
CERCLA 
CFR 
WQCC 
Dcc 
DOE 
EA 
Ec 
EIS 
EM 
EPA 
EPCRA 
ER 
ERDA 
FYP 
HEPA 
HS&E Labs 
ICRP 
MDA 
NA 
NAAQS 
NCC 
NCJtP 
NEPA 
NESHAP 
NOlD 
NPDES 
NPL 
NRC 
PM-IO 
QAMC 

Advisory Commictcc on Nuclear Facility Snlcly (Ahearne Committee) 
Anion Description Mernomdum 
Atomic Energy Commission 
Air Pollution Emission Notice 
Applicable or Relevant and Appropriate Rquiremenu 
Biochemical Oxygen Demand. 5-day incubation period 
Colorado Department of Heul~h 
Comprehensive Environmental Rcsponw. Compenmtion. and Liability Act 
Code of Federal Regulations 
Colorado Wntcr Quality Control Commission 
Derived Concentration Guide 
Department of Energy 
Environmental Assessment 
Environmental Checklist 
Environmental Impact Statement 
Environmental ManagcmCnt 
Environmental Protection Agency 
Emergency Planning and Communhy Right-twKnow Act 
Environmcntnl Restoration 
Energy Research and Development Adminismtion 
Five-Year Plan 
High Efficiency Pnniculule Air 
Health. Safety and Environmental Lnboralories 
lnlcrnational Commission on Radiological Protection 
Minimum Dctcclablc Amount 
Not Applicable 
Nstionnl Ambient Air Quality Standards 
NEPA Compliance Cornmillee 
National Council on Rndintion Protection and Measurements 
Nntionnl Environrnenlal Policy Act 
Nutionnl Emission Standards for Hazardous Air Pollulnnts 
Notice of Intent to Deny 
National Pollutant Di.Shnrgc Elimination Systcni 
National Priorities Lib1 
Nuclear Regulutory Comnlission 
Paniculate Maticr ~ 10 
Quality Assurnnce/Quality control 
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ACRONYMS 
CONTINUED 

RCG 
RCRA 
RFP 
SAAM 
SARA 
SPCC/BMP 
SSP Site-Specific Plan 
STP 
su 
SWMU 
IDS 
TLD 
TRU 
TSCA 
TSP 
VOC 

~ ... 
Spill Prevention Control and Countermeasure.s/Best Management Practices 

Radioactivity Concentration Guides 
Resource Conservation and Recovery Act 
Rocky Flats Plant 
Selective Alpha Air Monitor 
Superfund Amendment and Reauthorization Act 

Sewage Treatment Plant 
Standard Units 
Solid Waste Management Unit 
Total Dissolved Solids 
Thermoluminescent dosimeter 
Transuranic 
Toxic Substances Control Act 
Tolal Suspended Particulates 
Volatile Organic Compound 
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GLOSSARY 
activity. Sm radioactivity. 

air pollutant. Any fume. smoke, particulate matter. vapor. gas, or combination thereof which is emitted into or other- 
wise enters the ahnosphere, including, but not limited to. any physical, chemical. biological. radioactive (including 
source material. special nuclear material. and by-product materials) substance or material. but does not include water 
vapor or steam condensate. 

alpha partlcle. A positively charged particle emitted from the nucleus of an atom having the same charge and mass as 
that of a helium nucleus (2 protons. 2 neutrons). 

atom. Smallest p d c l e  of an element capable of entering into a chemical reaction. 

beta partlclc. A negatively charged particle emitted from the nucleus of an atom having a m a s  and charge qual to that 
of an electron. 

concentration. 7be amount of a specified substance or amount of radioactivity in a given volume or mas.  

rontaminath.  The deposition of unwanted radioactive or hazardous material on h e  surfaces of sWcNres. arcas. 
objects. or p e r ~ o ~ c l .  

cosmk radiation. Radiation of many types with very high energies, originating outside the earths atmosphere. Cosmic 
radiation is OM source contributing to natural background radiation. 

curk (CI). The traditional unit for measurement of radioactivity based on the rate of radioactive disintegration. One 
curie is defined as 3.7 X 10” (37 billion) disintegrations per ssond. Several fractions and multiples of the curie arc in 
common usage: 

mlllicurlc (mCi). lO-’Ci. one-thousandth of a curie; 3.7 X IO’disintegrations per second. 

mlcrcrurk CCI). 106  Ci. one-millionth of a curie; 3.7 X lo‘ disintegrations per second. 

nanoeuric (ncl). 1U9 Ci. one-billionth of a curie: 37 disintegrations per second. 

plmcurlc (pC1). IO-’* Ci, one-trillionth of a curie; 3.7 x IO2 disintegrations per second. 

kmtoeurle (Tcl). 10”  Ci, one-quadrillionth of a curie; 3.7 x IU’dsintegrations per second. 

anofurk (&I). 1 ~ t 8  ci,  oncquintillionth o f s  curie; 3.7 x IO’disintegrations per second. 
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decay, rdlonetlve. 7he spontaneous vansfomation of one radionuclide into a different radioactive or nonradioactive 
nuclide. or into a different energy state of the same radionuclide. 

Derived Conecntratbn Gulde (DCC). Secondary radioactivity in air and water concentration guides used for compari- 
SMI to measured radioactivity concentrations. Calculation of DCG assumes that thc exposed individual inhales 8,400 
cubic meters of air per year or ingests 730 liters of water per year at the specified radioactivity DCG with a resulting 
radiation dosc of 0.1 rem (100 mrem) effective dose quivalent. 

dlslntegratlon, nuclear. A spontaneous nuclear transformalion (radioactivity) chmcterizcd by the emission of energy 
and/or mass from thc nucleus of an atom. 

dau, absorbed. The amount of energy deposited by radiation in a given mass of material. The unit of absorbed dose is 
Ihc rad or thc gray. ( I  gray = 100 rad). 

dose rommltment. 7hc total radiation dose projected to be received from an exposure lo radiation or intake of ndioac- 
live material lhroughout thc specified remaining lifetime of an individual. In theoretical calculations. this specified 
lifetime is usually assumed to be 50 yrs. 

dose equivalent. A modification to absorbed dose which expresses the biological effects of all types of radiation (c.g.. 
alpha, beta, g-a) on a common scale. The unit of dose equivalent is the rem or the sicven ( I  suvcn = 100 rem). 

exposure. A measure of thc ionization produced in air by X-ray or gamma +radiation. The special unit of exposure is 
the roentgen (R). 

gamma ray. High-energy. shon-wavelength clcctromagnetic radiation emitted from the nucleus of an atom. Gamma 
radiation frequently accompanies the emission of alpha or beta panicles. Gamma rays arc identical to X-rays except for 
the source of thc emission. 

half-llfe. radioactive. The time required for n given amount of a radionuclide to lose half of its activity by radioactive 
decay. Each radionuclide has a unique half-life. 

Wopes. Forms of an element having the same number of protons in their nuclei and differing in the number of neu- 

, 

mm. 

mlnlmum detectable concenlrallun (MDC). The smallest amount or concentration of a radioelement that C M  be 
distinguished in a sample by a given measurement system in a preselected counling time at a given conlidence level 

natural radiatlon. Radiation arising from cosmic sources and from naturally ofcurring radionuclides (such as radon) 
premnt in thc human environment. 

outfall. Thc place where a stonn sewer or effluent line discharges to the environment. 

part pa bllllon (ppb). Conccnuition unit approximately equivalent to pg/l 

part per mlllbn (ppm). Concentration unit approximately equivalent to m g .  

pgulway. Potential route for exposure to radioactive or hazardous materials. 

person-rem. The traditional unit of collective dose to a population group. For example. a dose of one rem to IO 
individuals results in a collective dose of IO person-rem. 

quality factor. The factor by which the nbsorbcd dose (in rad or gray) is multiplied to obtain the dose equivalent (in rem 
or sieven). The dose equivalent is a unit that cxprcsses. on a common scale for all ionizing radiation, the biological 
damage to ex@ persons. It is used because some types of radiation. such as alpha panicles. arc more biologically 
damaging lhan othcn. 

rad. A traditional unit of absorbed dose. The lntemational System of Units (SI) unit ofabmrbcd dose is the gray ( I  
gray = I00 rads). 

72 

I 

Plant Site Report - '89 J!!EEI~Q ROCKY FLATS 

radlonctlvlty. The spontaneous emission of radiation, generally alpha or beta particles. often accompanied by gamma 
rays, from the unstable nucleus of M atom. 

radlonudldc. An atom having an unswble ratio of neutrons to protons so that it will tend toward stability by undergo- 
ing radioactive decay. A radioactive nuclide. 

rem. The eaditiOMl unit of dose equivalent. Dose equivalent k frequently reponed in units of millirem (mrem) which 
is om-thousandth of a rem. The International System of Units (SI) unit of dose equivalent is the sieven ( I  sieven = 
I00 rem). 

Roentgen (R). The traditional unit of exposure to X-ray or gamma radiation based on the ionuition in air caused by 
the radiation. One Roentgen is equal to 2.58 X lW coulombs per kilognun of air. A common expression of radiation 
exposure is rhc milliRocntgcn (IR = loo0 mR). 

devert (Sv). International System of Units (SI) unit for radmtion dose. I Sv = 100 rem. 

thermolumlncrent dosimeter (TLD). A device used to measure external sources (i.e.. outside the body) of penclrit- 
ing radiation such as x-rays or gamma rays. 

trlllum (H-3). The hydrogen isotope having one proton and two neutrons in the nucleus. It is radioactive and emits a 
low energy beta particle (0.0186 MeV m u ) .  

uncontrolled area. Any area to which access is not controlled for the purpose of protecting individuals from exposure 
to radiation and radioactive materials. The area beyond the boundaIy of the RFP is an uncontrolled urca. 

worldwlde fallout. Radioactive debris from ntmospheric weapons tests that is either airborne nnd cycling around the 
eanh or has been deposited on the earth's surface. 
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Bmlatorv Rewrt' 

Air Compliance Report (40 CFR 61.94) 

Effluent Information System/ 
Onsite Discharge Information System 

Environmental Protection Implementation Plan 
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ENVIRONMENTAL 
REPORTS FOR THE 

ROCKY FLATS PLANT 

Emergency and Hazardous Chemical Inventory Forms 

Toxic Chemical Release Inventory 

National Pollution Discharge Elimination System/ 
Discharge Monitoring Report 

Polychlorinated Biphenyls ( W E )  Inventory 

Resource Conservation and Recovery Act 
Groundwater Monitoring Report 

Rocky Flats Environmental Monitoring Report 

Rocky Flats Plant Site Environmental Report 

& g g b  

EPA 

DOE 

DOE 

EPA 

EPA 

EPA 

EPA/CDH 

DOFJEPA/CDH/ 
Cwnty/City 

DOE 

Freauenq 

AMUd 

Annual 

Annual 

Annual 

Annual 

Month1 y/Annual 

Annual 

Monthly 

AMUd 

a. Reports on major environmental programs prepared on a periodic basis. 
b. EPA - Environmental Protection Agency 

W E  - Depanment of Energy 
CDH - Colorado Department of Health 
County - Jefferson 
Cities - Arvada. B m f i e l d .  Westminster, Denver. Boulder, Northgltnn. Fort Collins 

Jefferson County Emergency Planning Committee 
Boulder County Emergency Planning Committee 
Rocky Flats Fire Department 

c. Colorado Emergency Planning Commission 
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Meteorological data were collected 91 RFP from instrumen- 
tationona6I-m(200-ft)towcrlocatedinthewwtbuffernonc 
(Figure B-I). Results are summarized ns annual percent 
frcqucncyofwinddircctionsinTablcB-I andFigureB-2and 
represent W% dala recovery. Compass point designntions 
(Table 8-1) indicate true tearing when facing agninst the 
wind as do wind rose vectors (Figure 8-2). RCSUIIS showed 
apredominanceofnolthwestcrlywindzandlowfrequcncyof 
easterly winds grcaler than 7 meters per second ( 4 s )  (15.6 
miles per hour [mphl). These results are rypicnl for RFP. 

F .  - 4  

Mean temperature for 19119 was K . 7 T  (47.7'6. hlaaimum 
temperature was 3l.W (BY.J'I.3 on July Xth and nlininlum 
temperature was -29.4"c (-209°F) on Febriary 5th. RFP 
recorded 32.16 cm (12.66 in) of prccipivation in 1989. 
Maximum precipitation fora 15-minute period was 0.69 cm 
(0.27 in)on August 6ch. Ilighest windspccd was 3Y.93 4 s  
(89.32 mph) on March 14th and mean wind speed for I989 
was 4.16 d s  (9.31 mph). 

METEOROLOGYAND \A.P'PEND&~ > *  SI 2 

CLIMATOLOGY 
W. S. BUSBY 
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Figure 8-1 
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TABLE B-1 
Percent Wind Direction by Four Wind-Speed Classes at the Rocky Flats Plant in 1989 

(Fifteen-Minute Averages-1 989) 

1-3 3-7 7-15 >15 
G& rn rn msl M 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 

5.22 
2.66 
2.61 
2.28 
1.77 
1.45 
1.45 
1.63 
2.13 
2.05 
2.22 
2.08 
2.18 
2.71 
2.96 
2.98 
2.88 

4.32 
2.79 
1.59 
1.08 
0.82 
0.79 
1.63 
2.71 
3.01 
2.87 
2.39 
4.62 
3.72 
3.83 
4.74 
4.59 

0.63 
0.21 
0.06 
0.01 
0.02 
0.02 
0.13 
0.19 
0.24 
0.24 
0.16 
0.43 
1.42 
4.36 
3.06 
0.82 

0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
0.50 
0.1 1 
0.01 

5.22 
7.61 
5.62 
3.93 
2.86 
2.29 
2.26 
3.39 
5.03 
5.30 
5.33 
4.63 
7.23 
8.10 

1 1.65 
10.89 

8.30 

TOTALS 5.22 36.04 45.50 12.00 0.88 99.64 
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PERSPECTIVE 

N. M. DAUGHERTY 
Introduction 

Radioactive materials and radiation-producing equipment 
arc handlcdandoperntedat RFP. Environmentalmonitoring 
programs include monitoring for potential exposures to the 
public from RFP-related radiation sourccs. This "Perspec- 
tive on Radiation" is provided to acquaint the wader with 
basic concepts of radiation and assist in the understanding 
and inlcrpremion ofthe monitoring information and radia. 
tion dose assessment. 

Further discussion on sources of ionizing radiation EM be 
foundinReporCNo. 93o~theNatioN~councilonHadiation 
Protection and Measurements. "Ionizing Radiation Exposun 
ofthePopulationofthe UnitcdS~tcs"(NA87b).from which 
much of Ihc information in this section was derived. 

Ionizing Radiation 

Many kinds of radiation exist in our environment. Visiblc 
light and heat radiating from a warm object are examples. 
Radiation from radioactive materials and radiation-produc, 
ingcquipmcnl iscalled ionKing radiation. Ionizing radiation 
has sufficient energy to s c p t e  electrons from atoms 01 
material. Thisscpnralion iscalled ionization. When ionizing 
radiation is absorbed in living tissues. it c m  cause damagc 
from the ionization process. Consequently. protective mea. 
SURS may be required to minimize the amount of ionizing 
radiation to which a p c m  might be exposed. 

Types of Radiation 

Common typcs of ionizing radiation include alpha, beta 
gamma, X-ray. and neutron radiation. While all types c a ~  
produce ionization. they have other. differing propenies 
One imponant propcny is their ability to penetrate or pas. 
through materials. Alpha radiation penetratespoorly; a pieci 
ofpaperorouterskin tissuecanstopit. Betaradiation haslou 
t o m ~ r a t c p e n c ~ t ~ g a b i l i t y .  Gnmma. X-ray. and ncutrol 
radiation usually has much greater penetrating ahility. Ra 
diation produced by medical X-ray machines.forcxmple. i 
able to pass through a human body. 

Production of Radiation 

Ionizing radiation is produced by radioactive materials and 
radiation-producing equipment. Radiation-producing 
equipment includes X-ray machines and linear accelerators. 
Elecuical power must be applied to this equipment to pro- 
duce radiation. In contrast. radiwctive materials will con- 
tinue to emit ionizing radintion until they have undergone 
radioactive decay to non radioactive. stable states. The time 
required for a material to reach this stable state is dependmil 
uponnmatcrial'srndioactive half-life. Half-life is the amount 
of time required for one-half of the atoms of a radioactive 
material toexperience radioactive decay. Half-life is unique 
and unchanging for a specific radionuclide. i!alf-livcs for 
different radionuclides may vary from seconds to billions of 
YCarS. 

Radiation Dose 

The biological effect of ionizingndiation is called radiation 
dose. Ihc radiation can bc from a penetrating radiation 
source located outside of the body (cxtcrnd radiation) or 
from radioactive materials taken into the body (internal 
radiation). In the United States.radiationdose is measured in 
the unit called the rem or niillircm ( I  rem = IOM) millirem). 
Thecompwablc International Standard unit ofradiationdow 
is the sicvcn ( ISv = 100 rem). A rem is a unit of biological 
dose that expresses biological damage on a common wale. 
The effective dose equivalent is a meum of calculating 
radiation dose. Effective dose equivalent lakes into account 
the lolal health risk estimated forcancermonality and serious 
genetic defects from radiation exposure regardless of which 
body tissues receive the dose or the sources or types of 
ionizing radiation producing the dose. 

Sources of Radiation 

All living things are exposed to naturdly occuring ionizing 
radiation. However. since the discovery of radiation and 
radioactive materialsat the beginningofthiscenlury. we can 
significantly increase the amount of radiation we are exposed 
lothrough use ofmificially produced or enhanced sourccs of 
radiation. 
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APPLZCABLE 
GUIDES AND 
STANDARDS 

Natural Sources Medical Sources 

I 
Naturally occurring sources are the greatest contrihutor to 
radiation exposures for the U. S. public. Sources of natural 
background radiation include cosmic radiation from space 
and secondary radioactive materials (cosmogenic nuclides) 
created when cosmic radiation enters our atmosphere. An- 
other source is naturally occurring radioactive materials 
originating from the earths C N S ~ ,  referred to a5 primordial 
nuclides. These materials may Contribute to radiation expo- 
sure when located outside the body or when taken into the 
body through inhalation or ingestion. Radon. for example. a 
radioactive gas derived from uranium, is an imponant con- 
tibutorto internal radiationexposure as aresultofinhalation 
inside of buildings. 

Ionizing radiption is used in medicine for diagnosis and 
treatment ofmany medical conditions. This radiation canbe 
produced by equipment such as X-ray machines or linear 
accelerators. or it can originate from radioictive materials 
incowrated into oharmaceuticals. Medical diannosis and 
treatment account for the largest radiation do.ses to the U. S. 
public from artificially produced sources of radiation. The 
average effective dose equivalent to a member of the U. S. 
population from medical sources is about 50 mredyr .  
However. individual doses from this source vary widely, 
with .wme pcople nceivinglittleornone andothen receiving 
much more than the average in any particular year. 

Consumer Products Sources 

Some consumer products. including tobacco. smoke detec- 
tors. and television sets. have ionizing radiation associated 
with them. Consumer products arc the second largest con- 
tributor to radiation dose to the U.S. population from nriifi- 
cially produced or enhanced sources. The radiation may or 
may not be intentional and necessary for the functioning of 
the product. Ionization smoke detectors and X-ray baggage 
inspection systems at airports require ionizing radiation to 
perlorm their functions. Tobacco products. fuels such as 
coal, and television receivers have radiation associated with 
them even though it is not necessary for their U.W. 

Other Sources 

Naturally occurring. medical, and consumer product sources 
contribute over 99% of the 
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Rocky Rats Plant environmental monitoring programs 
evaluate plant compliance with applicable guides. limits,and 
standards. Guide values and slandards for radionuclides in 
ambient air and waterborne effluents have k e n  adopted by E/jluent Air 
Ihe D c p m c n t  of Energy. the Colorado Department of 
H d t h ,  Ihc Colorado Waler Quality Conlrol Commission Aireffluent ji,,,jtsarrestabli&dun&r h National ~ i s s i ~  
(water only). and by h Environmental Protection Agency s- for H & ~ ~  Air pollulnnts, R a d i d v i V  e,,,& 
(for the air pathway d y )  (VA85. C078. USS. CO89). Manyoflhtguidesarc bascdonrecommcndationspublished simsarr -fi pathway pmmu]gad only-), by ~ ~ ~ - ~ d i ~ ~ ~ ~ i ~ ~  FPA and arc listed but in othewiw Table DI haz- (see 

bythelntemational Commissionon Radiological Protection ardous materials BIe regula,ed by the of 
1CRP)andthe NationalCouncilonRadiationhotectionand under Gnlrol Regulatim#8, 
Measurements (NCRF'). 

Air Standards 

TABLE D-1 
Radiation Profection Standards for rhe Public for Department of Energy Facilities (VAS9 

Different living situationscan result in more or lessexposure 
to naturally occurring ionizing radiation. Cosmic radiation 
exposure can increase as altitude increases becau.se.less 
atmosphere exists to shield against the radiation. Some 
geographical areas have higher concentrations of primordial 
nuclides such as uranium and thorium. Because the Denver 
area is located at a relatively high altilude and also has higher 
concentrations of uranium and thorium in rocks and soil. 
naturally occurring radiation levels are higher than those in 
many other regions in the country. 

Annual, naturally occurring effective do.se equivalent to a 
typical mident of the Denver metropolitm area is given in 
Section 3.6. The total for !his area, bawd on current published 
rcporls. is about 350 mredyr. 1% estimate may increase a? 
the Denver rcgionaldiffennce in indoorndonconcenlntion is 
determined. By comparison. h e  estimated total average ef- 
fcctivc d m  equivalent for a member of the U. S. population 
from  rural sources is about 3M) mredyr. 

EFFECTIVE 
DOSE EOUIVALENT 

Irnremlvearl 
rage radiation dose that a 
memberof1heU.S.popula- 
lion receives each year 
[Figure G I ) .  Otherkurces 
include occupational expo- 
rures. residual fallout from 
past atmospheric weapons 
testing. the nuclear fuel 
cycle. and miscellaneous 
sources. Combined, these 
other sources contribute 
less than I % of the average 
radiation dose to a member 
of the U. S. population. 

FROM ALL PATHWAYS: 

Occasional Exposures 

Prolonged Exposures (> 5 years) 

500 

100 

DOSE EQUIVALENT 
Imremlvearl 

5,000 Individual Organ 

DOSE EQUIVALENT 
Imremlvearl 

AIR PATHWAY ONLY: 

Prior to Dec. 15,1989 ( U S ) :  

Whole Body 

Any Organ 

nnnot4 
5% 25 

75 

EFFECTIVE 

jmremlvearl 
DOSE EQUIVALENT 

As of Dec. 15,1989 (US89b): 10 
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Figure C-1 
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of specific radionuclidcsandmixturesofradionuclides in air 
(RCG.) and water (RCG-) for individuals in the general 
population(USR1a). lnaddition to restricting specific radio- 
nuclides, the guides restricted the concentration of radionu- 
clides in a mixture such that the sum of the ratios of each 
radionuclide concentration to the appropriate concentration 
guide would not exceed a value of one. The guides further 
stated that a radionuclide might be considered not present in 
a mixture if: (a) the ratio of the concentration of that 
radionuclide inthemixture to theconcentrationguide forthat 
radionuclide did not exceed one-tenth. and (b) the sum of 
such ratios for all radionuclides considered as not present in 
the mixture did not exceed one-fourth. 

Applying the same methodology for reporting mixtures un- 
der lhc DCG concept as was u u d  with RCG. measured 
concentrations were cornparcd to concentration guides for 
specific radionuclides rather than to the guide for mixtures. 
Fractions of ingested radionuclides absorbed in the gastro- 
intestinal tract and the lung clearance classes for inhaled 
radionuclides werechosen to yield themost restrictive DCGs 
forcomparisons inthisrepon. Where aradionuclideconccn- 
tration is expressed as the cumulative measurement of more 
than one isotope. the stated DCG used for comparison rep- 
resents the most restrictive DCG for that grouping of i.w 
topes. 

Plutonium Concentrations. Plutonium concentrations at 
RFP represent the alpha radioactivity from plutonium i.w 
topes-239 and -240. These comtitute over 91% of the alpha 
radioactivity in plutonium used at the plant. 

a. These limitations are presented as indicators of the types of parameters and associated concentration limits required 
by the NPDES permit. Details of these requirements specific to each discharge location are given in the referenced 
doarment (USUa). The daily and monthly limitations indicated cannot be correlated with the annual water quality 
data summarized in the text. - 
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Uranium Concentrations. Uranium concentrations arethe 
cumulative alpha activity from uranium-233, -234. and -238. 
Components containing fully enriched uranium arc used at 
the RFP. Depleted uranium metal is fabricated and also is 
used as a process waste material. Uranium-235 is the major 
isotope by weight (93%)infullyenrichcd uranium: however, 
uranium-234 accounL9 for approximately 97% of the alpha 
activity of fully enriched uranium. In depleted uranium. the 
combined alpha activity from uranium-234 and -238 ac- 
counts for approximately 99% of the total alpha activity. 
Uranium DCGs used in this report for air and water are those 
for uranium-233. -234, and -238. which arc the most restric- 
tive. 

Environmental uranium concentrations can be measured by 
various laboratory techniques. Nonradiological tcchniques 
yield concentrationunitsofmass per unit volume such asmu 
m' and mgn. Uranium concentrations given in this report 
were derivedby mcasuringradioactivity from alpha-cmitting 
uranium isotopes and are expressed in terms of activity units 
per unit volume. Rocky Flats data include measurements of 
depleted uranium. fully enriched uranium. and natural ura- 
nium. 

Conversion factors for specific types of uranium CM be used 
to compare the data in this report to  data from other facilities 
and agencies that arc given in units of mass per unit volume; 
however. the resultingapproximations willnothavethesame 
assurance of accuracy as that of the original measured values. 
Uranium in effluent air from plant buildings is primarily 
depletedurnnium. Theconvenionfactor forthesedata is2.6 
X IV C i g .  Natural uranium is the predominant species 
found in water. The conversion factor for water data is 1.5 X 
IVCig .  

Table D-4 
NPDES Discharge Limitations for  the Rocky Flats Plant in 1989 

Monthly w - 0  
Parameter AveraQe 

Emuent Water Sernples 

PH 6.0-9.0 SU 
Nitrates as N 10mgil 20 mgil 
Total Phosphorus 8 men NA 
Biochemical Oxygen 10 mgil NA 

(N~io8cnvalveJ 

Demand. 5-Day 
suspended Solas 30 mgil 45 men 
Total Chromium 0.05 mgil NA 
Residual Chlorine NA NA 
Oil and Grease NA NA 
Fecal Coliform - 200 400 

NoJlOO ml 

Daily 
Maximum 

NA 
1 2 m g  
25 mgil 

NA 
0.1 mgil 
0.5 
Visual 
NA 
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TABLE D-5a 
Colorado Wrrler Qualio Control Commission Temporary Water Qualio Standards for 

Offsite Discharge (Adapted July 11,1989) 

All Tributaries lo Standley Lake and  Great Western Reservoir from RFP: 

Chemical Classification Parameter CWCC Standards f m a  

Physical and  Biological Dissolved Oxygen 5.0 
PH 6.5 ~ 9.0 

2000/100 Fecal Coliforms 

Inorganic Cyanide .2 

Sulfate as Hydrogen Sulfide 
Nitrite 1 .o 
Nitrate 10.0 
Chloride 250.0 
Sulfate 250.0 
Boron - .75 

.05 

Metals Arsenic .05 
Cadmium .ot 

Copper 111 .05 
Copper VI .05 

Copper .2 

Iron .3 
Lead .05 
Manganese .05 
Mercury .002 
Selenium .01 

Silver .05 
Zinc 2.0 
Beryllium .1 

Nickel ' .2 
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a. Organic Chemicals not on this list are covered under section 3.1.1 1 (1) (d) 01 the Basic Standards and 
Methodologies for Surface Water (5CFR 1002.8). 

b. M - Based on MCL lor drinking water. . 
c. L - Based on EPA liletime drinking water health advisory. 
d. I ~ Based on reference dose from EPA Integrated Risk Information System (IRIS). 
2. CAS No. - Chemical Abstracts Service identification number. 

->.-. L--L - 
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TABLE D-5b 
Tempomy Standards for Carcinogenic Organic ChemicalP (Adopted Jurjl 11,1989) 

Standard ' 
Parameter .G&l!h' w 

0.002 (I)d 

Benzene 71 -43-2 5 

Benzidine 92-87-5 0.0002 (I) 

Carbon Tetrachloride 56-23-5 5 

Aldrin 309-00-2 

Chlordane 57-74-9 0.03 (I) 

Chloroethyl Ether (BIS-2) 111-44-4 0.03 (I) 

DDT 50-29-3 0.1 (I) 

Dichloroethane 1,2 107-06-2 5 

Dieldrin 60-57-1 0.002 (I) 

Dioxin (2.3.7.8-TCDD) 1746-0 1 -6 2.2 x 107 (L) 

Heplachlor 76-44-8 0.008 (L) 

Hexachlorobenzene 118-74-1 0.02 (I) 

Hexachlorocyclohexane (Lindane) 58-89-9 4 

Toxaphene 8001 -35-2 5 

Trichloroethylene 79-01 -6 5 

Trichlorophenol2.4,6 88-06-2 2.0 (I) 

rrihalomethanes (total)b 100 

Vinyl Chloride 75-01 -4 2 

Dichloropropane 1,2 78-87-5 0.56 (L)' 

Diphenylhydrazine 1,2 122-66-7' 0.05 (I) 

Heptachlor Epoxide 1024-57-3 0.004 (L) 

Polychlorinated Biphenyls (PCBs) 1336-36-3 ' 0.005 (I) 

1. Standards are based on the Maximum Contaminanl Level (MCL) lor drinking water unless otherwise 
noted. 

3. Total trihalomethanes are considered the sum of the concentrations of bromodichloromethane (CAS No, 
75-27-4), dibromochloromethane (CAS No. 124-48-1). tribromomethane (bromoform. CAS No. 75-25-2) 
and trichloromethane (chlorolorm, CAS No. 67-66-3). 

:. Organic chemicals not on this list are covered under Section 3.1.1 1 (1) (d) 01 "The Basic Standards and 
Methodologies lor Surface Water' (5CFR 1002.8). 

j. (I) - Based on lO.'cancer risk from EPA Integrated Risk Information System. 
3. (L) - Based on €PA lifetime drinking water health advisory. 
. CAS No. ~ Chemical Abstracts Service identification number. 

1 

I 
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TABLE D-5c 
Temporary Standards for NonCarcinogenic Organic Chemicals' (Adopted July I I ,  1989) 

earameter 
Aldiirb ' 

Carbofuran 

Chlorobenzene 

Dichlorobenzene 1,2 

Dichlorobenzene 1,3 

Dichlorobenzene 1,4 

Dichtoroethylene 1, 1 

Dichloroethylene l12-Cis 

Dichloroethylene 1,2-Trans 

Dichlorophenol2,4 

Dichlorophenoxyacetic Acid (2,4-D) 

Endrin 

Ethylbenzemt 

Hexachlorobutadiene 

Hexachlorccyclopentadiene 

tsophorone 

Methoxychlor 

Nitrobenzene 

Penlachbrobenzene 

Pentachlorophenol 

Tetrachlombenzene 1,2,4. 5 

Tetrachloroethylene 

Toluene ' 

Trichloroelhane 1, 1 , l  

Trichloroethane 1, 1,2 

Trichlorophenol2,4. 5 

Trichlorophenoxypropionic Acid 

(2,4,5-TP) 

116-06-3 

1563-66-2 

108-90-7 

95-50-1 

541-73-1 

106-46-7 ~ 

75-35-4 

156-59-2 

156-60-5 

120-83-2 

94-75-7 

72-20-8 

100-41-4 

87-68-3 

77-47-4 

78-59-1 

72-43-5 

98-95-3 

608-93-5 

87-86-5 

95-94-3 

127-18-4 

108-88-3 

71-55-6 

79-00-5 

85-95-5 

93-72-1 

Standard 

w 
10 (L)s 

36 (L) 

300 (L) . 
620 (L) 

620 (L) 

75 

7 (MI 

70 (L) 

70 (L), 

21 (L) 
100 (M) 

0.2 (M) 

680 (L) 

14 

49 (1) 

1,050 (I) 

100 (M) 
3.5 (I) 

6 (1) 

200 (L) 

2 (1) 

10 (L) 
2,420 (L) 

200 (M) 

28 (1) 

700 (I) 

10 (MI 
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TABLE D-5d 
Temporary Fish and Water Ingestion Standards (Adopted July 11,1989) 

. Standard 
Parameter Ed! 

Acrylonitrile 

Aldrin 

Benzidine 

Chlordane 

Chloroform 

Chloromethyl Ether (BIS) 

DDT 

Dichlorobenzidine 

Dieldrin 

Dioxin (2,3,7, 8-TCDD) 

Halomethanes 

Heptachlor 

Hexachloroethane 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclohexane, Alpha 

Hexachlorocyclohexane. Beta 

Hexachlorocyclohexane. Gamma 

Hexachlorocyclohexane. Technical 

Nitrosodibutylamine N 

Nitrosodiethylamine N 

Nitrosodimethylamine N 

Nitrosodiphenylamine N 

Nitrosopyrrolidine N 

PCBs 

Polynuclear Aromatic Hydrocarbons 

Tetrachloroethane 1, 1,2.2 

Tetrachloroethylene 

Trichloroethane 1 , 1 , 2  

Trichlorophenol2.4.6 

0.058 

0.000074 

0.00012 

0.00046 

0.19 

0.0000037 

0.000024 

0.01 

0.000071 

0.00000001 3 

0.19 

0.00028 

1.9 

0.00072 

0.45 

0.0092 

0.0163 

0.01 86 

0.0123 

0.0064 

0.0008 

0.0014 

4.9 

0.016 

0.000079 

0.0028 

0.17 

0.8 

0.6 

1.2 
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TABLE D-5e 
Tempomry Radionuclide Standards for  State Sutface Waters (Adopted July 11,1989) 

Parameter 

Ameridum-241 
Curium-244 
Neptunium-237 
Plutonium-241 
Plutonium-242 
Uranium (total of all isotopes) 

Is@ 
30 
60 
30 

1,000 
30 
40 

Note that the following radionuclide standards have previously been adopted and are in effect for all state 
surface waters: 

Cesium-134 
Plutonium-238, -239, and -240 
Radium-226 and -228 
Strontium90 
Thorium-230 and -232 
Tritium 

80 
15 
5 
8 

60 
20,000 
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Safety and 
Laboratories (HS&E . 

ANALYTZCAL 
PROCEDURES 

resuh. All procedures are rcviewcd annually fo;consistency 
with state-of-the-an techniques. or at any linic an analytical 
Droblem is suspected. Copies of all procedures are kept on 

1. 

2. Gas Ropadonal Counting (Gross alpha & gross hla) 

Total Air Filter Counting (Pu specific alpha) I 

i 3. Gamma Spcclrnl Analysis 

4. Alpha Spectral Analysis(Pu-239, -23% Am-24 I;  U-238. 
-233. -23%) 

I 
I 5. &la Liquid Scintillation (Tritium) 

6. N.N-DimcIhyl-pphcnylen~iamine(DPD)(Chlorine) 
1 

1 klc in the office of the ni;u\ager of l k & E  Laboratories. 
I 

Analytical Procedures I HS&E Laboratories routinely perform chc following analy- 
ses on environmental and effluent samples: 

i 

7. Atomic Absorption (Beryllium) 

8. Millipore Filtration Method (Feci andTotal Coliform) 

Rocedures for thew analyses arc described in the "IIS&E 
Laboratories Rocedurcs and Practices Manual." (Wl82). 
The procedures for bacteria and chlorine analyses were 
developed following EPA guidelines. Soil procedures were 
developed following specifications set fonh in "Mensure- 
men& of Radionuclides in the Environment. Sampling and 
Analysis of Plulonium in Soil." Nuclear Regulatory Com- 
mission Reg. Guide 4.5. All new procedures and changes to 
existing pnvcdurcs must be thorwghly teated. documented, 
and approved in writing by lhr Manager of HS&E Laboralc- 
rics before being implcmcntcd. hvimnmenvd Manigcmcnl 
is notified of any major changes that could affect analytical 

96 97 

Samples received for air filter screening arc counted at 
nppmaimatcly 24 hrs nnd then 4X hrs after collcction. 
Samplcsexceedingspecificd limitsuc recounted. If Ihc total 
long-lived alpha concentration for a bcrcened filter exceeds 
thew EM action limits. the filler is directed to individual 
specific isotope nnalysis and/or follow-up invcstigation to 
determine the cause and any needed corrective action. 

All water samples. except those scheduled for tritium nnaly- 
sis. arc poured into one-liter Marinelli containers and scaled 
before delivcry to the gamma counting ana.  Routine water 
synplcs are cwntcd for approainintely 12 hrs. Samplcs 
requiring a lower detection h i i t  arc counted from 16 to 12 
hrs. 

Soil samples scheduled for gamma spectral analysis are ~ 

dried. sicvcd throughaten-mesh sieve. weighcd.andthcfinc 
ponion is bll-milled. The fine ponion is then placed in a 
500-millilitcr (ml) Marinclli conwincr and counted for at 
least 16 hrs. 

All samples scheduled for alpha spectral analysis are ana- 
lyzed in a similar manner regardless of matria. Prior to 
dissolution. a known quantity ofnonindigenous ndioactivc 
tracer is added tocach sample. The tracer is uwd todctemiinc 
the chcniical recovery fur the analysis. Tracers uwd include 
Pu-236. Pu-242. U-232. U-236. Ani-243. and Cm-244. Ihc 
type and activity level of the tracer used depends on the type 
and projected activity lcvclof the sample toh: annlyzed. All 
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refractory or intractable actinides are dissolved by vigorous 
acid treatment using both oxidizing and complexing acids. 
Aftersamplesandissolved. the radioisotopesolconcern are 
.separated from each other and from the matrix material by 
varioussolvent extractionandion exchange techniques. The 
purified radioisotopes are electro-deposited onto stainless 
steel discs. The% discs are alpha counted for 12 hrs. If a 
lower minimum detection limit is require’d, samples may be 
counted from 12 to 168 hrs. depending on the specific 
sensitivity requirement. Samples that exhibit a chemical 
recoveryoflessthan IO%orgreaterthan I1046areautomati- 
cally scheduled for reanalysis. 

Tritium analyses are routinely performed on specified en- 
vironmental watersamplesaswellasstackeffluent samples. 
Ten ml of the samples arc combined with IO ml of liquid 
.scintillation fluid. Environmental and airborne effluent 
samples arc generally counted for I20 min. 

General Laboratory 

The General Laboratory routinely performs the following 
analyses for environmental monitoring of plant effluent 
streams. process wastes. and soil residues: 

I .  Dissolvedmetallicelemenu; including tes~c for 19cations 
by inductively coupled plasma spectroscopic techniques 
and 17 elements by atomic absorption spectroscopy 
techniques (including beryllium in airborne effluent 
sample filters). 

2. Oxygen demand tests including total organic carbon, 
dissolved oxygen. chemical oxygen demand, carbon- 
aceous biological oxygen demand, and biological oxy- 
gen demand (5-day incubation). 

3. Nutrient,tents including frcc ammonia, ortho and total 
phosphate phosphorus. nitrite and nitrate anions. 

4. Physical tests. including pH. conductivity, color. total 
dissolved solids, suspended solids. total solids, non- 
volatile suspended solids. turbidity, and specific gravity. 

5. Soap residues (as alkyl sulfonate). 

6. Oil and greau residues, by extraction and infrared or 
gravimetric detection and by visual observation. 

7. Specific chemical property or element including total 
hardness (as calcium carbonate). alkalinity (a% hydrox- 
ide. bicarbonate. or carbonate). chloride. fluoride. cya- 
nide, sulfate. and hexavalent chromium. 

8. Radioactivespeciesincludinp.grossalphannd betaby gas 
proportional detection; tritium by liquid scintillation 
detection: total radiostrontium by gravimetric .separation 
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followed by gas proportional detection. Isotopes of 
plutonium. americium. and uranium are determined by 
ion exchange and liquid extraction techniques followed 
by alpha pulse height analysis. 

9. Volatile and semi-volatile compounds from the EPA 
Contract Laboratory Program (EPACLP) Target Com- 
pound List are analyzed by gas chromatography/mass 
spectrography. Phenols also are analyzed using spectro- 
photometry. Polychlorinated biphenyl compounds are 
analyzed by gas chromatography. 

. 

Procedures for these analyses. developed by the General 
Laboratory analytical technical staff. were adopted from 
EPA-approved sources or from other recognized authorita- 
tive publications where EPA-approved procedures were not 
available. Laboratory operations procedures nrc docu- 
mented in a standard format. approved by the manager of the 
Rocky Rats Analytical Laboratories. and distributed to a 
controlled distribution list lo assure that proper testing and 
approval is performed before changes arc adopted. The 
General Laboratory Quality Assurance Plan requires annual 
review of procedures for consistency with state-of-rhe-m 
techniques and compliance of laboratory practice with writ- 
ten procedures. In addition. a review is performed whenever 
an analytical problem is indicated. 

Analytical Procedures 

All water .samples analyzed for radioactive materials, except 
tho% scheduled for tritium analysis, are acidified immedi- 
ately upon collection. 

Liquid samples received for gross alpha and beta screening 
are evaporated. and the residue is transferred to planchets for 
gas proporlional counting. When activities exceed action 
guidelines. notification to EM is made. and reanalysis and/or 
investigation may be required. 

For some liquids such as machine oils, a specified volume is 
evaporated. ashed. and the salt residue is taken up in nitric 
acid for deposition onto the counting planchet. A comction 
factor is determined for each sample to account for self- 
absorption effects. 

Watersamplestobe testedforchemicalandphysicalparam- 
etem arc analyzed within 24 hrs. of collection. or they are 
preserved by refrigeration, freezing,ornddition ofachemical 
preservative when required. The tests performed include 
gravimetric, titrametric. calorimetric. chromatographic. or 
electroanalytical methods. following proceduresspecified in 
the 16theditionofStandard Methods fortheExamimtionof 
Water and Waste Water. Methods for Chemical Analysis of 
Water and Wastes. or other authoritative publications. 

Water samples to be analyzed for dissolved metallic ions are 
filtered through a 0.45 pm filter. preserved with nitric acid, 
and digested before being analyzed by atomic absorption or 
ICP methods. 

I 

I 
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Organic toxk spsics arc determined by chromatography. 
using electron capture detection. Some organics, such BS 
phenol.arcdelcrmined by developingachromaphoriccomplex 
and measuring light absorption at a specific wave-length with 
aspcbophotometer. Measuringoccurs afterextraction intoan 
appropriate solvent phase. 

Tritium ismeaJurrdusing liquidscintillationcounting. Count- 
ing eftiiiency isdetermined using a separately p r e p d  vial to 
which is added a known standard lritium activity. 

-- 
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Strontium is  radiochemically separated from the sample 
natrix using precipitation techniques. Strontium is depos- 
ted on planchets with a carrier element. and the activity in 
be sample is quantified using beta gas proportional 
:ounting. 

99 
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DETECTZON 
LIMZTS AND 

ERROR TERM 
PROPAGATION 

~~~ ~ 

Radioactivity Parameters 

Health. Safety and Environmental Labornforks have 
adoptcdIhefollowingdefinition fordetection limit.argivcn 
by H d e y  (HA72): 

'The smallest mount  of sample activity using a given 
mcasuremcnt process (Le.. chemical p m d u r c  and dewtor) 
that will yield a net count for which there is confidence at a 
pre-determined level that activity is present." 

The minimum detectable mount  (MDA) is the term used to 
describe lhc detection limit and is de fmd  as the smallest 
moun t  of an analyzed material in n wmple that will be 
dercctcdwilha~probabili~ofnon-detection(TypeIIerror). 
while accepting M a probability of erroneously detecting 
h a t  material in an appropriate blank sample (Type I error). 
At the 95% confidence level, both a and p ((IC equal to 0.05. 

Bascd on the approach presented in dnft American National 
Slandnrds Institute Slandnrd N 13.30. "Performance Criteria 
for Radiobioassay." (HEBS) the formulation of the MDA for 
radioactive analyses is: 

MDA ~ 4 . 6 5  S ,  + 3/(T,EsY) 

aV 

where S, = standard deviation of the population of apprw 
priate blank values (disintegrations per minute. d/m) 

T, =sample count time (minutes. m) 

E, =absolute detection efficiency of the sample 
detector 

Y =chemical recovery for the sample 

a =conversion factor (disinlegrdtions per minute per unit 
nctivity) 

(a=2.22disintigrntions per minute per picwurie [d/nJ 

pCil when MDA is in units of pCi. and a = 2.22 X I d  
disintigralions per minute per nlicrwuries [d/m/pcil 
when hfDA is in units of p 3 . )  

V = sample volume or weight 
(V=l if the MDA per sample is desired.) 

nu major component of the MDA equation is the variability 
of the blnnks. 

Table F-l shows the vmious formulas used for alpha data 
reduction during 1988. 

Table F-2 shows lhc typical MDA vdlucs for the various 
mlyses  performed by the HSSIE Lnboratories and by the 
General Lnborntorics. These values me based on the average 
sample volume, typical detector efficiency, detector back- 
ground. count time, and chenlical recovery. MDA values 
calculated for individual analyses may vary significantly 
dependingon actual sample volume, chemical rccovery.and 
mlyticnl blank used. 

Nonrsdioactivity Parameters 

For nonradioactivity parameters. vnrious means are used to 
estimate an MDA depending on the parameter measured. 
The MDA for berylliunl in cfflucm air. analyzed using 
flameless atomic absorption spectroscopy. is based on a 
sample blank absorbance reading. Toval chromium in efflu- 
ent water samples undergoes a fourfold concentration of the 
received sample prior to its analysis using flame atomic 
abbotpion spectroscopy. Its approximate MDA is based on 
a net saniplc absorbance reading of 0.010. 
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The parametenofnitrateas N.total phosphorous.suspended 
.wIids.oil and grease. and total organiccarbon all have MDAs 
determined by procedural methods found in EPA-600. 
"Methods for Chemical Analysis of Water and Wastewater" 
(USR7c). Biochemical oxygen demand and pll  have MDAs 
determined by the minimal readout capability of the instru- 
mentation that i s  used. 
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The MDA for residual chlorine is  determined hy the proce- 
dure found in a publication by flach Co.. "DPD Method for 
Chlorine" (IIAR3). For fecal coliform count, MDA is  cal- 
culated as4.65 times the standarddeviation ofthe blankvalue 
from the millipore filter. Table F-2 

Defection Limifs for  Radioacfive and Nonradioacfive Malerials 

npproximate 
Sample Volume 
&&& 

Minimum Detectable 
Activity 

(Der unit volume =mass) 

Minumum 
Detectable Activity 

lDer samole) 
Table F-1 

Formulas for  Activity and Uneerfainty Calcu@ions for  fhe Alpha Spectral Analysis Sysfems parameter 

Airborne Efflwnfs 
Plulonium-Z39.-240 
Uranium233.-234,-238 
Ameridum-241 
Tritium (H-3) 
Beryllium 

Ambient Air Samples 
Plulonium-239.-240 

EMuenf Water Samples 
(Radloglive) 

Ptulonium-239.-240 
Uranlurn-233,-234,-238~ 
AmerWum-241 
Tritium (H-3) 

SoilSamp!ss 
(Redlosclive) 
Plulonium-239.-240 

Efflwnt Water Samples 
( N o m d h U v e )  

Nitrates as N 
Total Phosphorus 
Biochemical Oxygen 

Demand, !&Day 
Suspended Solid 
Total Chromium 
Residual Chlorine 
oil and Grease 
Fecal Coliform Count 
Total Organic Carbon 

PH 

Blank Corrected Sample Activity 

Osi = Asi - A i  

6.2 x 10' pCi 
5.7 to7 pci 
1 .o x to-' pci 
2.5 x I O 5  pCi 
2.5 x IO' pCi 

7.340m3b 
7.340m3 
7.N0m3 

t.4m3 
7.340m3 

0.008 x 1 0 ' ' ~  I;Ciiml 
0.08 x 1 0 ' ' ~  pcimt 

16,000 x ~ O " ~ p ~ i l m ~  
0.01 1 0 ' 5  pc im l  

3.0 x t o 5  p ~ m 3  

Non-Blank Corrected Sample Activity 

1s "si 

"si %j v.  2.22 - - _  
TS TB 

' -  - 

'si= 

si = Y 

I 

1.2 x 1O'yci 

Non-Blank Corrected Sample Uncertainty' Blank Corrected Sample Uncertainty 

bsi = (asp + W )  In 

7.1 x 1O'pCi 
2.9 x t07pci 
9.4 x 10.' pci 

2.5 x 10'pCi 

5.000 ml 
1.000 ml 
5.000 ml 

10 ml 

0.01 x 10.' pCiimf 
0.29 x 10'' pCi/mf 
0.02 x 10' pCimf 
250 x 10'' uCiimf 

m 

Leaend 

8.4 x 10' pci 8.4 x 1 0 0  p c i g  

'Corrected from 1984 report 100 ml 
4 ml 

50 ml 

300 mi 
tGU ml 
100 ml 
10 ml 

1.000 ml 
10-100ml 

5 mi 

0-14 SU 

0.2 mgA 

5.0 mgA 
1.0mgA 

0.05 mgA 
0.1 qn 
0.5 mgA 

43 organlsmsllOO ml 
l .On@ 

0.02 qn 

'ri = Non-blank corrected activity of laboratory reagent blank lor isotope i expressed as picocuries (pCi) pel 

'ri = Non-blank corrected uncertainty of laboratory reagent blank expressed as pCi per unit volume. 
'si = Sample activity lor isotope i expressed as pCi per unit volume. 
'si = Sample activity uncertainly expressed as pCi per unit volume. 
'si = Blank corrected sample activity lor isotope i expressed as pCi per unit volume. 
si = Blank corrected sample uncertainty expressed as pCi per unit volume. 
'si = Activity (dpm) of internal standard isotope j added to sample. 
:si = Sample gross counts for isotope i. 
:si = Sample gross counts for internal standard isotope j. 
'Bi = Detector background gross counts for isotope i. 
:Bj = Detector background gross counts for internal standard isotope j. 
's = Sample count time expressed in minutes. 
'B = Detector background count time expressed in minutes. 
4 = Sample unit volume or sample unit weight. 

unit volume. 

a. Volume analyzed is usually an aliquoted fraction of the total sample volume collecled. 
b. Monthkcomcosite. 
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REPORTING OF 
MINIMUM 

DETECTABLE 
CONCENTRATION 

AND ERROR TERMS 
Plutonium. uranium. mricium. and beryllium musumlcon- 
centmtions BTC rcpned. Thcw repnedcomcntmtions include 
valucs that arc lcss hn thc comspondmg dculatcd minimum 
detMablc conccnuation nnd in somc cues. values lcss hn 
Zm. Ncgntivc vducs rcsult when Ihc mcasurcd valuc for a 
labomtory reagent blnnk is subvactcd from an annlyticul result 
that was m c a s d  as a smdlcr value hn the reagent blank. 
These resulting negative values M included in any urithmctic 
calculations on Ihe data XI. 

Errortcrmsinthcformofafbarcincludcdwith'somcofthc 
dnta. Fora singlc samplc."a" is the reagent blank corrcctcd 
valuc; for mullipk samples it rcpresents thc avcragc v d h c  
(nrithmctic mean). The crror term "b" accounts for thc 
propagalcd statistical counling uncertainty for thc samplc 
nnd the nssociatcd rcigcnt blanks at thc 95% confidcncc 
level. These error tcrms represcnt a minimum cstimalc of 
crror for the data. 
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METRIC FRACTIONS 

Multiole 

106 
1 0’ 
102 

10 
10-1 

IO’ 

104 

1 0 ’ 2  

1 0 1 3  

I Ol8 

I 03 

1 0 9  

Decimal 
Fmivalent 

1 .Ooo,Ooo 
1,000 

100 

10 
0.1 
0.01 
0.001 

0.000001 
0.000000001 
0.000000000001 
0.000000000000001 
0.00000000000000000 I 

107 

Prefix - 
mega- 
kilo- 
hecto- 
deka- 
deci- 
centi- 
milli- 
micro- 
nano- 
pico- 
femto- 
atto- 

M 
k 
h 
da 
d 
C 

m 

P 
n 

P 
f 
a 
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METRIC 
CONVERSION TABLE 

I .  

Multioly 

in. 
ft 
ac 
mi 
Ib 

liq. qt. - U. S. 
ft’ 

mi‘ 
ft3 

I 

I d/m 
pCiA (water) 
pCi/m3 (air) 

By 

2.54 
0.305 
0.404 
1.61 

0.4536 
0.946 
0.093 
2.59 
0.028 
0.450 

1 0 9  

IO” 

ECJuaJ 

cm 
m 

ha 

km 

kg 
I 

m2 

km’ 
m3 

pCi 
pCi/ml (water) 

pCi/cc (air) 

Multiply 

cm 
m 

ha 
km 

kg 
I 

m’ 
krn’ 
m3 
pCi 

pCi/ml (water) 
pCi/cc (air) 

l3V-w 

0.394 in. 
3.28 ft 
2.47 aC 

0.62 I mi 
2.205 Ib 
1.057 

10.764 ft’ 
0.386 mi’ 
35.31 ft’ 

2.22 dlm 
IO” pCiA (water) 
10” pCi/m3 (air) 

liq. qt. - U. S. 
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i 

; 
I 
i 
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i 
I 
I OF RADIOLOGICAL 

UNITS 

(Traditional units are in parentheses.) 

Name - guantity 

absorbed dose Gray 

(rad) 

activity 

dose equivalent 

exposure 

Bequerel 
(curie) 

Sievert 

(rem) 

Coulomb per 
kilogram 
(roentgen) 

111 

Expression in Terms 
of Other Units 

GY JKg-I 
rad 10' Gy 

Bq I dps 
Ci 3.7 X IOto Bq 

s v  JKg-I 
rem 10'SV 

R 
CKg-' 
2.58 X IO4 CKg' 



ENVIRONMENTALCOMPLIANCE ASSESSMENT- ROCKY FLATS PLANT SITE 

January 1, 1990- May I .  1990 

COMPLIANCE SUMMARY 

National Environmental Policv Act (NEPA) 

The draft Environmental Assessment (EA) for the Supercompactor and Repackaging Facility 
and Tru Waste Shredder (DOE./EA-M32) was made available for public comment March 30 - 
April 30. 1990. EG&G Rocky Flats. Inc.. is responding to public comments received during 
this period. The Department of Energy (DOE) has proposed a Finding of No Significant 
Impact for this facility. The draft EA for the 881 Hillside (WE/EA-MI 3) was finalized by 
DOE in January 1990. 

Clean Air Act 

The "Air Emissions Annual Report for 1989 - 40 CFR 61.96 was completed April 30. 1990. 
and will be submitted to the Environmental Protection Agency (EPA) by June I ,  1990. The 
report provides information on radioactive air emissions and projected radiation doses to the 
maximally exposed member of the public resulting from the Rocky Flats Plant (RFP) during 
1989. 

RFP contracted with Martin Marietta Energy Systems. Inc.. in March 1990 to conduct 
compliance testing for beryllium emissions. A plan for sampling emissions WM prepared by 
the contractor. and Colorado Department of Health (CDH) approved this plan in April 1990. 
Testing. scheduled for mid-May. will determine maximum emissions during 24-hr sample 
periods in accordance with EPA methods. 

CDH provided specific guidelines for Air Pollution Emission Notices (APENs) for RFP in 
January 1990. An APEN is required for any process or activity that has the potential of: I )  
an uncontrolled emission that is greater than one pound per day for any hazardous or toxic 
pollutant; 2) an uncontrolled emission that is greater than one ton per year for any pollutant; or 
3) an emission arising from storage and transfer facilities and surface coating processes. per 
Air Quality Control Commission Regulation No. 7. 

On March 9. 1990. RFP initiated a vent survey and chemical analysis of 104 process and 
support buildings to determine which facilities require APENs and/or air emissions permits. 
The survey is being conducted in accordance with the Agreement in Principle between DOE 
and the State of Colorado and is scheduled to be completed by late Deceniber 1990. APENs 
were submitted for the following sites from January 1. 1990, through May I .  1990 

- Site Description 

119-44 Emergency generator. non-process area 
719-129 Emergency generator. filter plenum 
119-782 Emergency generator, filter plenum 
886 Uranium solution evaporator 
Various Locations Pondcrete shelters 

U.S. DEPARTMENT OF ENERGY/ROCKY FLATS PLANT SITE 
ENVIRONMENTAL REeORT FOR 1989 (RFP-ENV-89) 

Attached for your information is the 1989 Site Environmental Repon for the Rocky Fhts 
Plant. In addition to summaries of radiological and norvadiological monitoring in the 
vicinity of and on the Rocky Flats Plants (RFF'). the n5port includes summaies of 
environmental activities on the site, a listing of the major environmental permits along with 
the compliance status of each. and description of National Environmental Policy Act 
activlttes. 

We have also attached an environmental compliance self assessment covering the period of 
January 1. 1990. to May 1, 1990. This is ltpltsentative of our ongoing program to place 
greater emphasis on identifying potential enviro tal compliance issues at RFP and 
developing solutions to those problems. .q . ,  I 

&WI Robert M. Nelson, Jr. dL&--' 
J Manager 

Attachment 

1 
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A Notice of Violation (NOV) was received from CDH on April 1 I. 1990. for failure to have a 
submerged fill tube and vapor control systcni for an underground gasoline storage tank. A 
later inspection hy CDH revealed that the appropriate equipment was present on this facility. 
A second NOV was also received April I I, 1990. for failure to have APENs or air emission 
permits for two spray paint booths and a shot blaster. CDH issued an Order for Compliance 
on May I. 1990. Actions are being taken hy RFP to resolve this NOV. 

Clean Water Act 

'The Colorado Water Quality Control Commission (CWQCC) adopted final standards for 
Walnut Creek and Woman Creek on March 30,1990. These standards supercede formcr 
temporary standards adopted July 1989. 

Following a hiatus of approximately 6 months. RFP began to discharge water from surface 
water control ponds A4. BS, and C2 in March 1990. Discharges were treated by particle 
filtration and granular activated carbon filtration and were within limits of the. National 
Pollutant Discharge Elimination System (NPDES) and CWQCC water quality standards. 

Toxic Substances Control Act (TSCA) 

RFP published "Toxic Substance Control Act Standard Operating Procedures" on March 3 I ,  
1990. This manual describes procedures for managing polychlorinated biphenyls and 
asbestos materials at RFP. 

Resource Conservation and Recoverv Act (RCRA) 

RFP submitted comments on March 30.1990. on a Notice of Intent to Deny (NOID) issued 
by CDH for I I of 20 hazardous and low-level mixed waste units included in a RCRA Part B 
permit application. These comments are being reviewed by CDH. CDH prepared a draft 
RCRA permit for the remaining nine waste units in 1989. 

The Pan B permit application for transuranic mixed waste is being revised to include the 
Supercompactor and Repackaging Facility and TN Waste Shredder. The revision is 
scheduled to be filed by the end of May 1990. 

An annual RCRA ground water monitoring report for the Solar Evaporation Ponds, West 
Spray Field and Present Landfill areas was submitted March I ,  1990. This report 
summarizes ground water activities and data for 1989. 

Notice of Violation #90-03-28-01 was received from CDH on March 28. 1990. for 
deficiencies in the "Ground Water Assessment Plan for Rocky Flats" submitted September 
1989 by RFP. This plan was prepared in response to Compliance Order 89-06-07-01 issued 
by CDH in June 1989. RFP is preparing an addendum to address deficiencies in the 
assessment plan. 

On April 12, 1990, a U.S. district court  led that plutonium residues which theretofore were 
not considered to be RCRA regulated by the DOE, were found to be RCRA regulated if they: 
I) contained n listed hazardous waste constituent; or 2) met one of four hazardous waste 
characteristics. In response to this order, it is anticipated RFP will pursue an addendum to 
Settlement Agreement and Compliance Order on Consent #89-10-30-01 or will negotiate a 
new compliance agreement with CDH. 
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Federal Facilities Compliance APreement (FFCA)and Compliance Order on Consent 

FFCA provides a I-yr period for DOE to work toward compliance with land disposal 
restrictions of the Hazardous and Solid Waste Amendments of 1984. The follo,ying 
documents were submitted to EPA in 1990 in compliance with this agreemcnl: National 
Report on Prohibited Waste and Treatment Options" (January 17.1990): "Land Disposal 
Restriction (LDR) Determination Repon" (March I8.1990): "Waste Minimization 
Assessment Report Amendments" (March 18. 1990); and "Trcatment Plan No. I"  (March 16. 
1990). 

Settlement Agreement and Comnliance Order on Consent #89- 10-30-01 

This agreement requires DOE to submit plans for residue classification, residue 
characterization. and RCRA compliance. The following documents were submitted to CDH 
in 1990 in compliance with this agreement: "Residue Classification Plan" (January 31, 
1990); "Process Description Report" (February I ,  1990); "Compliance Evaluation 
Reportnnterim Compliance Plan" (March 2.1990): and "Residue Characterization Plan" 
(March 30, 1990). 

Comorehensive Environmental Reswnse. Compensation and Liabilitv Act (CERCLA) 

The final "Interim Measuresnnterim Remedial Action Plan and Decision Document" for the 
881 Hillside was completed in January 1990. Construction activities began on January 15. 
1990. but were suspended temporarily in March 1990 by EC&G Management because of 
concerns regarding procedures for the supervision and documentation of construction 
activities. Documentation procedures were modified to address these concerns. Restart of 
construction is scheduled for May 1990. 

The "Phase II  Remedial Investigation/Feasibility Study" work plan for the 903 Pad. Mound, 
and East Trenches areas was submitted to EPA on April 12. 1990. 

Emergencv Planning and Communitv Right-to-Know Act (EPCRA) 

The "Tier II  Emergency and Hazardous Chemical Inventory Forms" report was submitted on 
March I. 1990, to the Colorado Emergency Planning Commission, Jefferson County 
Emergency Planning Committee, Boulder County Emergency Planning Committee. and the 
Rocky Flats Fire Department. This report lists quantities and locations of hazardous 
chemicals at RFP. 

lnterarencv Ameement (IAC) 

Renegotiation of the proposed IAG began in early 1990 following receipt of public and 
agency comments on a draft of the agreement submitted for review in December 1989. A 
revised agreement was published August 17. 1990. Notable changes in this agreement from 
the earlier version are the following: 

1) the re-ordering of Operable Units (0.U.s) to emphasize attention to "off-site" 
areas (Le.. areas located east of Indiana Street) 
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2) the increase in the number of 0.U.s from 10 to 16 to better focus on the unique 
characteristics of different restoration areas. Former groupings of sites into 0.U.s 
included dissimilar sites requiring different remedial actions. 

Compliance actions required by the IAG are being implemented. although approval of the 
final agreement is pending. This is being done on the basis of a common understanding of 
remediation sites requiring immediate attention. During the period January I. 1990. to 
November I ,  1990. more than 20 documents were prepared on current or planned remedial 
activities. These documents cover a n n g e  of topics including remedial investigation 
workplans. interim remedial action decisions, community survey plans. project management 
plans. and health and safety plans. A list of these documents is given in the milestone 
schedule (Table 6) of the IAG. 

U.S. Deoartment of Justice Investigation 

On June 6.  1989. the United States Department of Justice. in conjunction with the State of 
Colorado and other federal agencies. initiated a comprehensive investigation into 
environmental and waste management activities at the Rocky Flats Plant. Currently. DOE and 
conuactor personnel are cooperating fully with the grand jury investigators looking into these 
matters. 

' 

CURRENT ISSUES AND ACTIONS 

Soecial Assignment T e a q  

EG&G Rocky Flats responded to findings of DOES Special Assignment Team on 
March 2. 1990. The response was given in the form of an action plan that included 
descriptions of corrective measures. schedules, milestones. associated costs. and parties 
responsible for implementing planned actions. The Special Assignment Team was mobilized 
in June 1989 to provide an independent evaluation of operations and practices at RFP. 

Site-Swcific Plan 

A Site-Specific Plan (SSP) for RFP was completed in February 1990. The SSP.describes 
plans for implementing activities in the RFP Five-Year Plan (FYP) with emphasis on near- 
term activities. primarily those to be accomplished in fiscal year 1990. The FYP 
encompasses tow1 program activities and costs for DOE corrective activities. environmental 
restoration, waste management. and applied research and development. 

ENVIRONMENTAL PERMITS 

RFP holds environmental permits for water and air emissions and has applications pending 
for management of hazardous and mixed wastes as described in Table 2.0-1 of the "Rocky 
Flats Plant Site Environmental Report for 1989." The status of permits and pennit 
applications is unchanged as of May I ,  1990. Additional air emissions permits may be 
required as the result of the survey of emissions sources (APENs). 
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